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PREFACE. 


In bringing out a Text-book of Natural History, intended 
mainly for the use of schools, there are a few remarks which 
it may t?e as well to make by way of preface, if only to 
explain the principles upon which the work has been 
written. 

In the first place, more space has been devoted, coriv 
paratively speaking, to the Invertebrate Animals than has 
usually been the case in introductory works, upon the 
1 belief that any practical Zoological work likely to be under- 
taken by young students will certainly be in connection 
with these rather than with the Vertebrate Animals. 

Secondly, the Author has devoted considerable space, 
to a discussion of the principles of Zoological classifica- 
tion, believing that it is of paramount importance that the 
student should have a clear idea of the principles upon 
which the Animal Kingdom has been systematically divided. 
At the same time, tjie introductory portion of the work is 
more especially ^inten'&efl for the teacher j and there is much 
in it that the learner may perhaps hardly understand till he 
has arrived at. some clear idea of Natural History as a 
whole. 

Thirdly, whilst the Author trusts that the style of the 
work will be found clear and intelligible, he does not 
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believe in the existence of any royal road to learning in 
Natural History, any morer than in any other department 
of human knowledge. If Natural History is ever to ‘be 
taught in schools, with any satisfaction to the teacher, or 
“any profit to the learner, it must be taught as systematically 
and as unflinchingly as Mathematics and Greek have been 
taught for many generations. The Author is one of those 
who believe that the time is now approaching, if it be not 
already here, when the Natural Sciences will take their true 
place in school education, as second to no other branch of 
knowledge, either as regards their intrinsic value and in- 
terest, or regarded merely as a means of developing the 
mental powers. Acting upon this belief, the Author has, 
therefore, treated his subject in a purely scientific spirit ; 
and, whilst avoiding as much as possible the use of techni- 
calities, he has not endeavoured to lend his subject any 
false glitter or embellishment ; firmly believing that there is 
eVen a certain mental training involved in the recognition' 
that a strictly scientific description is not without its own 
charms and beauties. Whilst the use of technical terms 
has been as far as possible restricted, it is believed that an 
explanation of every unavoidable term will be found in the 
glossary, or is appended in the text 

Lastly, the illustrations, with few exceptions, have been 
drawn on the wood by the Author, and he has thought it 
wise to wholly eschew the use of pictorial illustrations, as 
unnecessary in a «sctentific work, 'however elementary it 
may be. 
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INTRODUCTION. 

i. Definition of Biology and Zoology. 

All natural objects may be roughly divided into three groups 
constituting the so-called Mineral, Animal, and Vegetable 
kingdoms. The objects comprised in the mineral kingdom are 
all devoid of life, and they exhibit the following characters : 
a. Their chemical composition is simple. They consist *of 
either a single element, as is the case, for instance, with native 
gold ; or, if combined, they are almost always in nature in the 
form of simple compounds, composed of no more than two or 
three elements — as, for example, common salt, limestone, plas~ 
ter of Paris, and many others, b. Mineral bodies are, when 
unmixed, composed of similar particles, which have ho definite 
relations to one another, or, in other words, they are homo- 
geneous. c . The form of mineral bodies is either altogether in- 
definite, when they are said to be “amorphous;" or, if they 
have a definite shape, they are crystalline, in which case they 
are usually bounded plane surfaces and straight lines, d. 
When mineral bodies 'in&ease in size, Us crystals may do, the 
increase is produced simply by the addition of particles from 
the outside (technically called 44 accretidh ”). e . Mineral bodies 
exhibit no phenomena which are not purely physical and chem- 
ical, and they sUow no tendency to periodic changes of any 
kind. 

All the bodies which exhibit these characteristics properly 
belong to the mineral kingdonr^ and fall to be treated of by the 
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sciences of Geology, Mineralogy, Chemistry, and Physics. It 
should be borne in mind, however, that in the case of what # 
ate called 44 fossils ” or 11 petrifactions,” we have mineral bodies 
which owe their existence and characters to living beings which 
d existed at former periods in the history of the earth. For this 
reason, fossils, though composed of mineral matter, can hardly 
be said properly to belong to the mineral kingdom . m 

On the other hand, the objects which belong to the animal 
and vegetable kingdoms differ from those which are comprised 
in the mineral kingdom in the following points : a. They are 
composed of few chemical elements, of which carbon, hydro- 
gen, oxygen, and nitrogen are the most important ; and these 
elements are combined to form complex organic compounds, 
which always contain a large proportion of water, are very un- 
stable, and are prone to spontaneous decomposition? b. They 
are composed of diverse or heterogeneous parts, which have 
usually more or less definite relations to one another. These 
heterogeneous but related parts are termed “ organs,” and the 
objects possessing them are said to be 11 organised.” Some of 
the lowest forms of animals have bodies composed of so uni- 
form a substance that they cannot be said to be organised, as 
th«y exhibit no definite organs. This exception, however, does 
not affect the general value of this distinction, c. They are al- 
ways more or less definite in shape, presenting concave and 
convex surfaces, and being bounded by curved lines, d. When 
they increase in size, or “ grow,” they do so, not by the addition 
of particles from the outside, but by the reception of foreign 
matter into their interior and its assimilation there (technically 
called*' intussusception”), e. Lastly, they invariably pass through . 
certain periodic changes in a definite and discoverable order; 
these changes constituting life . 

‘All the objects, then, which fulfil these conditions, areesaid 
to be alive ; and they all belong either £ the animal or to the 
vegetable kingdom.* •The study of living objects of all kinds, 
irrespective of which kingdom they belong to, is conveniently . 
called by the general nlme of Biology (Gr. bios , life ; and logos, 
discourse). As all living objects, however, may be referred to 
6ne or other of these two kingdoms, so Biology may be divided 

* As will be mentioned immediately, it has been proposed to form an intermediate 
kingdom between the animal and vegetable kingdoms for the reception of organisms 
which cannot certainly be stated to be either plants or animals. There does not ap- 
pear. however, to be any necessity for this in die meanwhile. 
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into the two sciences of Botany, which treats of plants, and 
Zoology {Gr. zoon , animal ; logos, discourse), which treats of 
animals. The term Natural History, again, is generally under- 
stood nowadays as being equivalent to Zoology alone, thougli 
originally it was applied to the study of all natural objects in- 
discriminately. 

2. Differences between Animals and Plants. 

It now becomes necessary to inquire into the differences 
which subsist between animals and plants, and which enable 
us to separate the kindred sciences of Zoology and Botany. It 
might have been thought that nothing could be easier than to 
determine the animal or vegetable nature of any given organism ; 
and such, indeed, was the almost universal belief of older ob- 
servers. f n point of fact, however, no hard-and-fast line can be 
drawn, in the present state of our knowledge, between the ani- 
mal and vegetable kingdoms, and it is often a matter of extreme 
difficulty, or even wholly impossible, to decide positively whe* 
ther we are dealing with an animal or a plant- So deeply has 
this difficulty been felt of late, that a most able zoologist — Dr 
Ernst Haeckel — has proposed to form an intermediate kingdom, 
which he calls the Regnum Protisticum , and in which he p^o- 
*poses to place all organisms of a doubtful character. Even such 
a cautious observer as Professor Rolleston, whilst questioning 
the propriety of this step, is forced to come to the conclusion 
that “ there are organisms which at one period of their life ex- 
hibit an aggregate of phenomena such as to justify us in speak- 
ing of them as animals, whilst at another they appear to be as 
# distinctly vegetable." In the case of the higher members of the 
two kingdoms there is no difficulty in arriving at a decision. 
The higher animals are readily separated from the higher plants 
by tlje possession of a distinct nervous system, of locomotive 
power which can be yoluntarily exercised, and of an internal 
cavity fitted for the recdptjon and digestion *)f solid food. The 
higher plants, on the other hand, possess no nervous system or 
organs of sense, are incapable of voluntary changes of place, 
and are not provided with any definite internal cavity, their 
food being wholly fluid or gaseous. 

The lower animals ( Protozoa ) cannot, however, be separated in many 
cases from the lower plants (Protophyta) by these distinctions, since 
magy of the former have no digestive cavity, and are destitute of a ner- 
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vous system, and many of the latter possess the power of active locomo- 
tion. In determining, therefore, the nature of these ambigifbus organ- 
isms, the following are the chief ]Jbints to be attended to : — 

# Firstly % as to mere form or external configuration, no certain rulesftan 
be laid down for separating animals and plants. Many of the lower 
plants, either in their earlier stages of existence or when grown up, are 
exactly similar in form to some of the lower animals. This is the case, 
for example, in some of the Alga t which closely resemble some of the 
Infusorian animalcules. Many undoubted animals, again, are rooted to 
solid objects in their adult state, and are so plant-like in appearance as 
to be always popularly regarded as vegetables. This is the case with 
many of the so-called hydroid zoophytes, such as the sea-firs, and also 
with the much more highly organised sea-mats (. Flustra ), all of which 
are usually regarded as sea-weeds by seaside visitors. This is also, but 
less strikingly, the case with the corals and sea-anemones, of which the 
latter are often spoken of as 94 sea-flowers . 99 

Secondly , no decided distinction can be drawn between animals and 
plants as to their minute internal structure . Both alike consist essen- 
tially of minute solid particles (molecules or granules), of cells, or of 
fibres. 

Thirdly , as regards chemical composition , there are some decided, 
though not universal, differences between plants and animals. As a 
general rule, it may be stated that plants exhibit a decided predominance 
of what are known to chemists as “ ternary compounds” — that is to say, 
compounds which, like sugar, starch, and cellulose, are composed of the 
three elements, carbon, hydrogen, and oxygen. They are, compara-* 
tively speaking, poorly supplied with 99 quaternary ” compounds, which 
contain the fourth element, nitrogen, in addition to the three first 
mentioned (e.g. 9 gluten and legumin). Animals, on the other hand, 
are rich in quaternary nitrogenised compounds, such as albumen or 
fibrine. Still in both kingdoms we find nitrogenised and non-nitro- 
genised compounds, and it is only in the proportion which these bear to 
one another in the organism that animals differ in any way from plants. • 
The most characteristic of all vegetable compounds is the one known 
*8 cellulose , very nearly allied in its chemical composition to ordinary 
starch. As a general rule it may be stated that the presence of an exter- 
nal envelope of cellulose in any organism raises a strong presumption as 
to its vegetable nature. % Still cellulose ^ *8t exclusively confined to 
plants, as was at one* time believed. It is now well known that the 
outer covering of the so-called sea-squirts or ascidian molluscs contains 
a large quantity of cellulc&e (as much as 6o per cent in some cases) ; 
and recent researches seem to prove that this substance is present also in 
some of the lower forms of animal life (coccospheret). Another highly 
characteristic vegetable product is chlorophyll % the green colouring-matter 
of plants. Any organism which exhibits chlorophyll in any quantity as 
a proper element of its tissues is most probably vegetable. In this £ase 
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al$ o, howqfer, the presfince of chlorophyll cannot he regarded a% a cer- 
tain test, since it occurs regularly i% some undoubted anitaals (e.g., 
Stator amongst the Infusoria. , and the Hydra viridis, or green fresh- 
water polype, amongst the Ccelenterata ). 

Fourthly , as regards locomotive power, or the ability to effect changes 
of place at will, the results of observation are singularly at variance with 
our preconceived notions. Before the invention of the microscope, no 
instances of independent voluntary movements were known in plants, if 
we except the voluntary opening and closure of flowers and their turning 
towards the sun, the drooping of the leaves of sensitive plants under 
irritation, and some other phenomena of a like nature. Now, however, 
we know of many plants which are endowed, either when young or 
throughout life, with the power of effecting voluntary movements appar- 
ently as spontaneous and independent as those exhibited by the lower 
animals. In some cases the movements are brought about by means of 
little vibrating hairs or cilia with which a part or the whole of the sur- 
face is furnished. In other cases the movements seem to be certainly 
not produced by cilia, but their exact cause is obscure (e. g., in the 
Diatomacea and Desmidice, two < 5 f the lower orders of plants, all of 
which are microscopic in size). When it is added that many animals 
are permanently fixed and rooted to solid objects in their fully-grown 
condition, it will be seen that no absolute distinction can be drawn 
between animals and plants merely on the ground of the presence or 
absence of independent locomotive power. 

« Fifthly , we have shortly to consider one of the most reliable of all tfie 
tests by which an animal may be separated from a plant — namely, the 
nature of the food, and the products which are formed out of the food 
within the body. 

The differences between animals and plants in this respect may be 
roughly stated as follows: — 

1. Plants live upon purely dead or inorganic substances, such as 
water, carbonic acid, and ammonia — and they have the power of making 

’ out of these true organic substances, such as starch, cellulose, sugar, 
&c. Plants, therefore, take as food very simple bodies, and manufac- 
ture them into much more complex substances, so that plants are the 
great producers in nature. 

2. Plants in the proces% of digestion break up carbonic acid into the 
two elements of which it is Composed — namely, • carbon and oxygen, 
keeping the carbon* and setting free the oxygen. As carbonic acid 
occurs always in the air in small quantities, tthe result of this is that 
plants remove carbonic acid from the atmosphere and give out oxygen. 

3. Animals, on the other hand, have no power of living on dead or 
inorganic matters, &ch as water, carbonic acid, and ammonia. They 
have no power of converting these into the complex oiganic substances 
of which their bodies are composed. On the contrary, animals require 
to lom supplied with ready-made organic compounds if their existence is 
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to be maintained. These they can only get in tBe first place jrom plants, 
and therefore animals are all (impendent upon plants for food either 
directly or indirectly. Animals, therefore, differ from plants in requir- 
ing as food complex oxganic bodies which they ultimately reduce to very 
much simpler inoiganic bodies. Whilst plants, then, are the great 
manufactufers in nature, animals are the great consumers . Another dis- 
tinction arising from the nature of their food is, that whilst plants de- 
compose carbonic acid, keeping the carbon and setting free the oxygen, 
animals absorb oxygen and give out carbonic acid, so that tlieir reaction 
upon the atmosphere is the reverse of that of plants. 

As regards these general distinctions between plants and animals there 
are three points which should be remembered : — 

z. That even if universally true, these distinctions can often not be 
applied in practice to the ambiguous microscopic oxganisms about which 
alone any doubt can be entertained. 

2. These general laws are certainly not of universal application in the 
case of plants. Some fungi are known which in the matter of food are 
animals — that is to say, they cannot live upon inorganic materials alone, 
but require ready-made organic products for their support. 

3. Recent researches have rendered it not unlikely that some of the 
lower animals have the power of acting as plants, and of manufacturing 
organic compounds out of inorganic materials. 

3. Classification. 

* - • 

By the term classification is understood the arrangement of a 
number of dissimilar objects of any kind into larger or smaller 
groups according as they exhibit more or less likeness to one 
.another. The number of different animals is so enormous that 
it was long ago perceived that some classification of them, or 
method of arranging them into groups, was absolutely indispen- 
sable. Without some such arrangement it would have been* 
utterly impossible to have ever acquired a clear notion of the 
animal kingdom as a whole. In the older arrangements animals 
were grouped in accordance with some particular chai&cter, 
which might or might not be a really e$&ntial one ; and the re- 
sult was that thesb classifications were u artificial,” and not 
M natural,” as they ar^ when all the characters are taken into 
consideration. To take a familiar example of this : when we 
speak of “ quadrupeds," we really do so in consequence of our 
having, consciously or unconsciously, formecPsomething like a 
rough classification of the animal kingdom. We have a dim 
idea that all animals with four legs belong together somehow, 
and form a single group. Our classification, however, is fouitted 
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upon a single character only — the possession, namely, of four 
legs; and it is, therefore, a purely artificial arrangement. It 
will, however, be practically gcg>d or bad, just as this single 
character expresses a genuine and fundamental distinction, or 
is of a merely trivial and superficial nature. The instance 
here chosen will serve to illustrate either case . If we insist 
upon the fact that all the four legs must be externally visible , 
unmistakable legs, never fewer in number than four, then our 
classification is a very bad one, in fact entirely “artificial.” In 
this case our group of “ quadrupeds ” will comprise only the 
ordinary four-legged mammals, such as oxen, sheep, horses, and 
suchlike — together with the very dissimilar groups of the four- 
legged reptiles and amphibians, such as tortoises, lizards, 
crocodiles, frogs, and newts. Now these different animals 
have cestainly much in common, but we are not justified in 
placing them together simply upon the ground that they have 
four conspicuous legs, unless we are willing to put in a vast 
number of other animals as well. We must, in fact, put in a 
great number of animals which are not quadrupeds in the sense 
that they have four legs, but which agree with those that have 
four legs in the other fundamental and essential points of their 
structure. In this way we may arrive at a very genuine and 
natural classification by making some concessions. We jnust 
allow, for instance, that two of the legs or limbs, ceasing to be 
fit for walking, may be converted into organs of flight, or wings . 
This will let in the birds. We must allow, again, that all the 
limbs may be converted into Jins. This admits most of the 
fishes. We must further grant that two of the legs may tfe 
altogether absent, whilst the remaining two are converted into 
swimming-paddles . This will bring in the whales and dolphins. 
Lastly — and this is the greatest admission of all — we must allow 
the total absence of all the limbs, provided the animal only 
sliow those other essential characters which are invariably found 
to go along with thS^o^session of four legs in the regular quad- 
rupeds. This will bring in the sna&s and some of the fishes. 
So that, paradoxical as it may seem, it is in one sense scientifi- 
cally correct to speak of a snake as a quadruped, though in 
reality it has no legs at all. In other words, there is no reason 
why a snake Should not some day be found with four legs, and 
in point of fact some snakes show rudiments of these append- 
ages. Making these allowances, and some more of a similar 
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nature, we may ultimately succeed in converting our division oi 
Quadrupeds into a strictly scientific group, comprising the 
Mammals, the Birds, the Reptiles, the Amphibia, and the Fishes. 
In fact, our group of Quadrupeds now agrees exactly with tfie 
great and natural division of the Vertebrata or vertebrate 
animals. It is true that all vertebrate animals have not got four 
limbs, or not obviously so, but they never have more* than four 
under any circumstances; and a closer examination soon shows 
us that they agree with one another in many other characters 
which are of much greater importance than the characters of 
the limbs alone. 

We have arrived, then, at the grand principle of all good 
classification — namely, that we should group together those 
objects only which are united by essential and fundamental 
points of similarity, and that in so doing we should ignore 
all mere superficial resemblances. The question now arises, 
What are these essential and fundamental points in the case of 
animals? 

If for the mpment we look at animals simply as so many 
machines, we shall not find much difficulty in answering this 
question. Let us suppose ourselves placed in a gigantic work- 
shop full of an immense number of complicated and curiously- 
constructed machines of different sorts, and asked to put them 
in order — to put those of one kind in one place, and those of 
another kind in a different place. How should we proceed to 
act ? Supposing, in the first place, that all the machines were 
^t a stand-still, all that could be done would be to examine 
carefully the external form and internal structure of each, and 
to do our best to pick out some peculiarity which would distin- 
guish some from all the others. In this way, if our mechanical 
knowledge were sufficiently extensive, we should no doubt 
pltifnately succeed in classing all our machines into something 
like a rough natural arrangement. We should, for instance, 
have those made on the principle of thertever in one place, 
those on the principle oY the inclined plane in another, and 
those on the principle of gie pulley in a third. Still our classi- 
fication would most certainly be imperfect, and in some cases 
altogether incorrect.* In some instances the pa^ts of the ma- 
chine would be so complex as to be utterly incomprehensible, 
and in many cases our ignorance of what each was intended 
to effect would be an insuperable bar to our arriving at anj^ 
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arrangement. Suppose now, however, that all the machines 
were suddenly set in motion, so tljat we could see not only the 
manner in which they were constructed and the materials of 
which they were composed, but could also see what they could 
do — could see, in fact, for what work each is intended. 0 The task 
of arrangement now becomes immensely easier. Our previous 
classification, founded simply upon the structure of the ma- 
chines, is now supplemented and rectified by our knowledge of 
what each is able to effect. One machine is found performing 
one set of actions, another a different set ; and in this way not 
only is our classification rendered much easier, but we now get 
an insight into the meaning and nature of many points of 
structure which were formerly obscure. 

To make this illustration fully meet the case of the naturalist 
who deals frith living beings only, we have simply to suppose 
that the machines to be examined are reasonably perfect in their 
parts and fit for work, and that 6ur imaginary workshop is sup- 
plied with a reasonable amount of light, not very brilliant, perhaps, 
and striking upon some objects more sharply than on others, but 
still upon the whole moderately steady and uniform. Far worse, 
however, is the case of the naturalist who has to deal with the 
remains of extinct generations of animals and plants, whose work 
lies amongst those relics of a bygone world which are known as 
“ fossils” or “petrifactions ” — objects in many cases more won- 
derful and more perplexing and more beautiful than the most 
ornate and elaborate productions of human skill. In his case the 
workshop is a vast and gloomy vault or charnel-house, with no 
internal source of light, and but fitfully illuminated by uncertain 
gleams from the world without. And what is worse than this, 
his machines are mutilated and defaced, in many cases wanting 
their most important parts, in all cases destitute of life and ' 
motion, and usually very unlike anything visible at the present 
day. Nevertheless it is*> almost incredible with what certainty 
and precision a mere frag&ent of a fossil, a single tooth of 
bone, can be referred by a skilled worker in this field of science 
to its proper place in the animal kingdorfi — with what exacti- 
tude the missing parts can be restored — and whjtt splendid gen- 
eralisations can be drawn from what at first sight would appear 
to be the most fragmentary evidence. 

This imaginary illustration exactly expresses the points which 
are ta be regarded as essential and fundamental in classifying 
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and arranging animals. We have to look, «namely, firstly, to tl^p 
plan upon which each animal is constructed ; secondly, to the 
manner in which it discharges its vital functions. These # are 
the two points of view from which every organism may be re- 
garded— jn their nature quite distinct, and indeed sometimes 
apparently opposite. From the one point of view we have to 
look solely to the laws, form, and arrangement of the structures 
of the organism. This constitutes what is technically called 
" Morphology,” or the science of form (from the Greek words, 
morphd, form ; and logos , a discourse). From the second point 
of view, we are concerned simply with the functions discharged 
by the different parts of the organism, and this constitutes what 
is known as “ Physiology.” It is most important to remember 
that there are no other points in which it is possible for one 
animal to differ from another. If two animals are different, they 
must differ in one or other or in both of these points. Either 
they differ morphologically ; in toeing constructed upon altoge- 
ther different plans ; or they differ physiologically , in performing 
a different amount of vital work in a different manner, and with 
different instruments ; or they differ both morphologically and 
physiologically. Philosophical classification, therefore, inso- 
much as it depends entirely upon a due appreciation of what 
are the real differences between different animals, is nothing 
more than an attempt to express formally the facts and laws of 
Morphology and Physiology. 

Examining next into the nature and extent of the morpho- 
logical or structural differences between different animals, we 
find that these are much less and much f fewer than might have 
been thought. By one not previously acquainted with the sub- 
ject, it might readily be supposed that every kind of animal was 
• constructed upon a type or plan peculiar to itself and not shared 
by any other. We should certainly suppose, for example, that 
animals so different as a lobster and a Jputterfly were built upon 
different types or plsfhs of structure? When we come, however, 
to examine the question, we find- that this is not the case. The 
lobster and the butt&fiy are constructed upon the same struc- 
tural plan or morphological type. What is still more remark- 
able, we find that all known animals, in spite of their immense 
differences in external appearance, are really constructed upon 
no more than some half-dozen primary plans of structure or 
morphological types. These # types are all different froqp one 
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another, put there i S no animal yet known to us, living or ex- 
tinct, which cannot be referred*to one or other of these six 
pl#ns. These plans, then, give us the primary basis for a classi- 
fication of the animal kingdom — all the animals formed upon 
one plan being grouped together so as to form a single division. 
The animal kingdom, therefore, is primarily divided into six 
great sections corresponding to the six morphological types, and 
these sections are known to naturalists under the name of the 
“ sub-kingdoms.” Each of these sub-kingdoms has its special 
name, and it is the object of the present work to describe the 
leading characters and more important examples of each. 

We have to understand, then, that all the animals belonging 
to each sub-kingdom agree with one another in their morpho- 
logical tyge, or, in other words, in the plan upon which they are 
constructed; and the question now arises how they can be 
separated from each other. If they agree morphologically, there 
is only one other way in which they can differ, and that is phy- 
siologically, in the manner in which they discharge their vital 
functions. Consequently, all animals which agree with one 
another in their plan of structure, and which are therefore 
placed in the same sub-kingdom, are separated from one another 
^solely by their physiological perfection. In other words, «as 
machines, they are constructed of the same fundamental parts, 
but they do their work in a different way and with different 
instruments. 

Returning to our old illustration, suppose we had separated 
from the mass of machines before us all those which were in- 
tended to mark the lapse of time, and had in this way assem- 
bled a large collection of hour-glasses, watches, timepieces, 
and clocks, and suppose that we wanted to arrange these more 
minutely, we should soon discover that each of these different 
time-keepers was formed upon a principle peculiar to itself. 
The hour-glasses, as thg njost simple, would form one division ; 
the timepieces ai\d clocks, possessing pendulums, would form 
another; and the watches would form a third. These, as being 
constructed upon different plans, would constitute three distinct 
groups, which we should call classes or sub-kingdoms accord- 
ing to the value ^e might see fit to place upon the differences 
between them. But we must further suppose that we wished 
to divide one of these groups — say the watches — into still 
smaller groups. If they were all standing, we should probably 
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find this a matter of very great difficulty. # The moment, how- 
ever* that they commenced t<j go— or, in other words, to per- 
form their own peculiar function — we should soon see that 
some would be different to the others. Some, for instance, 
would str&e the hours, and these would have to be laid aside 
in a group by themselves. And we should further discover 
that, in accordance with the difference in the function , there 
would be an equivalent difference in the structure , of these two 
groups. The striking watches would be formed upon the same 
fundamental type as those which did not strike; but, in addition 
to the broad and general details of structure in which all were 
the same, the striking watches would have a special apparatus or 
structure fitted for striking the hours. The non-striking watches 
would be destitute of this apparatus, so that the physiological 
or functional difference between the two groups would thus 
entail a corresponding difference in structure. 

It is just the same with animals. If we take a lobster, a 
butterfly, a scorpion, and a spider, we find that, dissimilar as 
they are in external appearance, they are all constructed upon 
the same fundamental plan. They agree in morphological type, 
and they belong to the same sub-kingdom. They lead different 
lives, however — they are placed under different conditions — and # 
they discharge different functions in the general economy of 
nature. They differ, therefore, physiologically; and as every 
physiological difference implies a corresponding structural dif- 
t ference, they differ structurally as well. But they differ struc- 
turally only because they differ physiologically, and in all the 
really essential details of their structure they are the same. 
The lobster is aquatic in its habits, and has therefore gills* or 
oxgans adapted for breathing air dissolved in water. The but- 
terfly is aerial, and has respiratory organs adapted for breathing 
air directly, and not through the medium of water. They differ, 
then, physiologically, and therefore^n^sessarily, in the corre- 
sponding structure? ftoth, however, have distinct organs set 
apart and dedicated to^the function of respiration. This is ah 
essential and fundamental point in their structure, and in this 
they both agree with one another and differ from a large number 
of animals in which there are no distinct breatfiing-ofgans. It is 
only by the combined effect of a number of these physiological 
differences, taken collectively, that the lobster and the butterfly 
come ultimately to be so strikingly distinct from oqe anothef . 



INTRODUCTION. 


*3 


It is now possible* to comprehend fully the principles upon 
which a Naturalist proceeds in fuming a classification of the 
annual kingdom. His great primary divisions are founded 
upon differences in the smaller and fundamental details of 
structure. His smaller division are based upon the less im- 
portant physiological . differences with their corresponding 
structural distinctions. Of course, in carrying out this pro- 
gramme of a truly philosophical and natural classification, the 
naturalist works to a great extent in the dark, and is liable to 
many sources of error. It is by no means always easy to deter- 
mine what points of structure are essential and fundamental, 
and what are only caused by physiological differences. Such, 
too, is the constitution of the human mind, that different ob- 
servers place different values upon the same structures ; points 
which some look upon as of essential value are regarded by 
others as of a merely superficial nature. Nevertheless there 
can be no doubt that the progress of Natural History as a 
science has been strictly conterminous with the development 
of these great principles of classification. 

In the present work an outline is given of the morphological 
differences between all the larger groups of the animal kingdom* 
but it may be as well here to say a few words upon the subject 
6f Physiology. As already remarked, Physiology treats^ of all 
the functions exercised by living bodies, or discharged by the 
various definite parts or organs of which most animals are 
composed. All these various functions come under three great 
heads: I. Functions of Nutrition, comprising all those func- 
tions by means of which an animal is able to live, grow, and 
maintain its existence as an individual. 2. Functions of Repro - 
i ductiony comprising all the functions by which fresh individuals 
are produced and the perpetuation of the species insured. 3. A* 
series# of functions which are known by the somewhat mis- 
leading name of the Junctions of Relation or of Correlation . 
Under this term are included all those ftmetions by means of 
which external objects are brought into relation with the or- 
ganism, and by which it, in turn, reacts upon the outer world. 
The functions of nutrition and reproduction are often spoken 
of collectively as €he functions of 14 organic ** or 44 vegetative ” 
life, as being common to animals and plants alike. The func- 
tions of relation, again, are often called the functions of 
41 animal ” life, as being most# highly developed in animals. 
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These functions, however, though more highly characteristic of 
apimals, are not peculiar to^ them, but are manifSted to a 
greater or less extent by various plants. 

As regards animals, all alike, whatever their structure may 
be, perforjn the three great physiological functions — that is to 
say, they all nourish themselves, reproduce their like, directly or 
indirectly, and have certain relations with the ex&mal world. 
When we come, however, to compare animals together physio- 
logically, it is soon seen that the functions of relation stand in 
quite a different position to that occupied by the functions of 
nutrition and reproduction. As far as these last are concerned, 
there can be no difference in the amount or perfection of the 
function discharged by the organism. The simplest and most 
degraded of animals — say a sponge — nourishes itself as per- 
fectly, as far as the result to itself is concerned, a% does the 
highest of animals. Nutrition can do no more than maintain 
the body of any animal in a hfealthy and vigorous condition. 
This is the highest possible perfection of the function, and it 
is attained as fully and perfectly by the sponge as it is by*man 
himself. The same holds good of reproduction. Whilst the 
functions of nutrition and reproduction are thus, as regards 
their essence and results, the same in all animals, it must be 
remembered that there are enormous differences in the manner 
in which the functions are discharged. The result attained 
is in all cases the same, but it may be arrived at in the most 
different ways and with the most different apparatus. As re- 
gards the functions of relation, on the other hand, we have 
every possible grade of perfection exhibited as we ascend from 
the lowest members of the animal kingdom to the highest So 
numerous, in fact, are the changes in these functions, and so 
£reat the additions which are made in the higher organisms, 
that it may be doubted if there exists any common element by 
which a comparison can be drawn on 0 this head between the 
higher and lower* animals. It nfhy c reasonably be doubted 
whether in this respect a horse or a dog has anything in com- 
mon with a sponge. c 

Instead of giving here a general sketch of each of the great phy- 
siological functions as a whole, it may be as well to accompany 
the morphological account of each primary division of animals 
with a short account of the manner in which the vital functions 
are carried out in the same. # In this way a clearer viewfcwill 
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be obtained of the gfadual rise in physiological perfection in 
passing from the bottom to the submit of the animal series. 

I)pMOLOGY AND Analogy.— In connection with the morpho- 
logical and physiological differences between animals, a short 
explanation may be given of the meaning of the term$ Homo- 
logy and Analogy, which are in constant use in zoological 
works. When organs in different animals agree, with one 
another in their plan of structure, they are said to be “homo- 
logous,” no matter what may be the functions which they per- 
form. For example, the arm of a man, the fore-leg of a horse, 
the wing of a bird, and the swimming-paddle of a dolphin or 
whale, are all composed essentially of the same structural ele- 
ments, and they are therefore said to be homologous, though 
they are fitted for altogether different functions. 

On the other hand, when organs in different animals perform 
the same functions , they are said to be “ analogous,” whatever 
their fundamental structure maf be. Thus the wing of a bat, 
the wing of a bird, and the wing of an insect, all serve for flight, 
and they are therefore “analogous” organs. They are all, 
however, constructed upon/iifferent plans, and they are, there- 
fore, not “ homologous.” At the same time, however, it is to be 
remembered that there are plenty of cases in which organs in 
different animals are not only constructed upon the same plan, 
but also perform the same function, so that they are both homo- 
logous and analogous. 

General Divisions of the Animal Kingdom. 

As already stated, the entire animal kingdom may be divided 
into some half-dozen primary plans of structure or morphologi- 
cal types, to one or other of which every known animal is refer- 
able. These primary types are known to naturalists as the sub - ' 
kingdBms , under the following names : Protozoa, Caslenterata, 
Annuloida , Annulosa , , Jktyllusca, and Vertebrata. The charac- 
ters and minor subdivisions of these suB-kftigdoms form the 
subject of the remainder of this work. In the meanwhile, it is 
sufficient to state that the first five of these are often grouped 
together under the collective name of the Invertebrata, or “ in-... 
vertebrate animals.* The Invertebrata 9 comprising the Protozoa , 
Ccslenterata, Annuloida, Annulosa, and Mollusca , are collec- 
tively distinguished by the following points amongst others : 
The body, if divided transversely, or cut in two, shows only a 



INTRODUCTION. 


16 

jingle tube containing all the vital orgaftis (fig: i, A). These 
organs, in the higher Invertebrate consist of an alimentary or 
digestive cavity, a circulatory or “haemal" system, and a jier- 
vous or “ neural ” system. The side of the body on which the 
“haemaV* or blood-vascular system is placed is called the 
° haemal aspect;" whilst the side of the body on which the 
main masses of the nervous system are situatecT is called the 
“ neural aspect." When there is any skeleton, this is external 
(forming an “ exo-skeleton "), and it is really nothing more than 
a hardening of the skin. The limbs, when present, are turned 
towards the neural aspect of the body. 

In the Vertebrata^ on the other hand, the body, if transversely 
divided, exhibits two tubes. In one (fig. i, B) is placed the main 
mass of the nervous system (the brain and spinal cord). In the 



Fig. x. — Diagrams representing transverse sections of one of the higher Invertebrata, 
A— and one of the Vertebrata, B. a Wall of the body ; 6 Alimentary canal ; 
e Haemal or blood-vascular system ; n Nervous system ; ft' Cerebro spinal axis, 
or brain and spinal cord of the Vertebrata, enclosed in a separate tube ; ch Noto- 
chord or chorda dorsalis. (Slightly altered from Huxley.) 

other tube are the alimentary canal, the haemal or blood-vascu- 
lar system, and certain other portions of the nervous system 
which are known as the “ sympathetic ” system of nerves, and 
* which correspond to, or are homologous with, the entire ner- 
vous system of the Invertebrata. Further, in the Vertebrata 
there is always an internal skeletoij (<p»endo-skeleton), the cen- 
tral stem of which is* usually constituted by.a true backbone or 
“vertebral column." When this is not present, there is always 
a structure which will be afterwards described as the “ noto- 
chord” or “chorda dorsalis.” Lastly, the limbs of the Verte- 
brata, when present, are never more than ffiur in number, and 
the/ are always turned away from the neural aspect of the 
body— away, that is, from the side on which the main masses of 
th^ nervous system are placed. 
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Subjoiqfd is a short tabular view of the main existihg divisions 
of the Animal Kingdom, the characters and smaller divisions of 
which will be considered hereafter at length : — 

INVERTEBRATE ANIMALS. 

Sub-Kingdom I. — Protozoa. 

Class 1. Gregarinidce . — Ex. Gregarina. 

Class 2. Rhizopoda. — Ex, Amoeba, Sponges. 

Class 3. Infusoria ; — Ex, Paramcecium. 

Sub-Kingdom II. — Ccelenterata. 

Class i. Hydrozoa. — Ex, Fresh-water Polypes, Sea-firs, Sea-jellies, 
Portuguese Man-of-War. 

Class 2. % Actinozoa. — Ex, Sea-anemones, Corals, Sea-pens. 

Sub-Kingdom JIL — Annuloida. 

Class I. Echinodermata. — Ex, Sea-urchins, Star-fishes. 

Class 2. Scolecida, — Ex. Tape - worms. Flukes, Round -worms. 
Wheel-animalcules. 

Sub-Kingdom IV.— Annulosa. 

Division A. — Anarthropoda. 

Class 1. Gephyrea. — Ex. Spoon -worms. 

Class 2. Annelida. — Ex. Leeches, Earth-worms, Tube-worms. 

Class 3. Chcetognatha. — Ex. Sagitta. 

Division B. — Arthropoda. 

Class 4. Crustacea. — Ex. Lobsters, Crabs, Acorn-shells. 

Class 5. Arachnida. — Ex. Spiders, Scorpions, Mites. 

Class 6. Myriapoda. — Ex. Millipedes, Centipedes. 

Class 7. Insecta . — Ex. Beetles, Butterflies, Bees. 

Sub-Kingdom V. — Mollusca. 

Division A. — Mollusoqid^. 

Class I. Polyzoa*—Ex . Sea-mats (Flustra). 

Class 2. Tunicata. — Ex. Sea-squirts (Ascidia). 

Class 3. Brachiopoda. — Ex. Lamp-shells (Terebratula). 

Division B. — MqjxuscA Proper. 

Class 4. Lamellibranchiata. — Ex. Oysters, Mussels, Cockles. 

Class 5. Gasteropoda . — Ex. Whelks, Limpets, Snails, Slugs. 

Class 6. Pteropoda. — Ex. Clio, Cleodora. 

tlass 7. Cephalopoda . — Ex. Cilttle-fishes, Nautilus. 

*9 
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VERTEBRATE ANIMALS. 

S UB-KlNGDOMf VI. — V ERTEBRATA . 

Division A.-^Ichthyopsida. 

Class I. — Pisces (Fishes), 

Qjrder a. Pharyngobranchii. — Ex, Lancelet. 

Order b. Marsipobranchii. — Ex, Lampreys. 

Order c. Teleostei. — Ex, Cod, Salmon. 

Order d.* Ganoidei. — Ex, Bony-pike, Sturgeon. 

Order e. Elasmobranchii. — Ex, Sharks, Rays. 

Order f. Dipnoi. — Ex, Mud-fish. 

Class II. — A mphibia. 

Order a. Ophiomorpha. — Ex, Csecilia. 

Order b. Urodela. — Ex, Salamanders. 

. Order c. Anoura. — Ex. Frogs and Toads. 

Order d. Labyrinthodontia, — Ex, Labyrinthodon. 

Division. B. — Sauropsida. 

Class III, — Reptilia (Reptiles), 

Order a. Chelonia. —Ex. Turtles and Tortoises. 

Order b. Ophidia. — Ex, Snakes. 

Order c. Lacertilia. — Ex. Lizards and Blind worms. 

Order d. Crocodilia. — Ex. Alligators. 

Class IV, — Aves (Birds). 

Order a. Natatores. — Ex. Ducks and Geese. 

Order b. Grallatores. — Ex. Curlews, Herons. 

Order c. Cursores. — Ex. Ostrich. Emeu. 

Order d. Rasores. — Ex. Fowls, Pheasants, Doves. 

Order e. Scansores. — Ex. Parrots, Woodpeckers. 

Order f. Insessores. — Ex. Crows, Larks, Finches. 

Order g. Raptores Ex. Hawks, Owls, Vultures. 

Division C. — Mammalia. 

Class V. — Mammalia (Mammals), 

Order a. Monotremata. — Ex. Duck-mole, Echidna 
Order b. Marsupialia. — Ex. Kangaroos, Opossums 
Order c. Edentata. — Ex. Ant-eaters, Armadillos. 

Order d. Sirenia. — Ex. Dugong, Manatee. 

Order e. Cetacea. — Ex. Whales, Dolphins. 

Order f.. Ungulata. — Ex. Rhinqpei*fc, Hippopotamus, Giraffe, 
Oxen, Sheep, Goats, Antelopes. 

Order g. Hyracoidea. — Ex. Hyrax. 

Order h. Proboscidea. — E. Elephants, Mastodon. 

Order i. Carnivora. — Ex. Bears, Wolves, Dogs, Lions, Seals. 
Order j. Rodentia. — Ex. Beavers, Rats, $iice, Squirrels. 
Order k. Cheiroptera. — Ex. Bats. 

Order 1. Insectivora. — Ex. Hedgehogs, Shrew-mice. 

Order m. Quadrumana. — Ex. Apes, Baboons, Lemurs. 

Order n. Bimana, - — (Man).® 
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SUB-KINGDOM I. PROTOZOA. 
CHAPTER I* 

i. General Characters otf the Protozoa/ 2 . Classi- 
fication. 3. GfcEGARINIDAS. 

The sub-kingdom Prbtozoa (Gr. protos % first; and zoon t an 
animal), as the name implies, is the lowest division of the 
animal kingdom, and its limits are therefore necessarily not yet 
strictly defined. The Protozoa comprise an enormous number 
of animals, almost all of which are so small as to be invisible to 
the naked eye, and can only be satisfactorily examined under 
pretty high powers of the microscope. For this reason, and 
because they are almost universally found in Water, these crea- 
tures, often popularly called " animalcules,” are almost unknown 
to the majority of people. Some few, however, attain a large 
size, and of these the sponges are familiar examples. The mi* 
croscopical forms of the Protozoa swarm in most stagnant pools,* 
and in all waters charged with organic matter so as to afford 
them food. Every wod<er with the microscope is familiarly 
acquainted with them, and they, exhibit phenomena which in 
many cases render them objects of the highest interest. 

The Protozoa may be defined as animals , generally of very . 
minute size , composed of a nearly structureless Jelly-like substance . _ 
( called “ sarcode'% showing no composition out jf distinct 
segments , having no distinct internal cavity , no nervous system , 
and either no organs devoted to digestion , or at best a very 
rudimentary alimentary apparatus* 

c , 
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■'r*OfaIl the, points enumerated in this definition sp characteris- 
tic Of. the Protozoa, none is giore important than the nature of 
the body-substance. The body in all known Protozoa is cgm- 
posed of a substance which is generally known by the name of 
“protoplasm” — or, better, “sarcode” (Gr. sarx t flesh ; eidos, form). 
This sarcode is a gelatinous substance, very like white-of-egg to 
look’at, and really of nearly the same chemical constitution* con- 
sisting mainly of albumen, or of some body allied to albumen. 
Generally, however, it contains numerous oil-globules scattered 
through it. The sarcode shows the physiological property of 
M contractility’ —that is to say, under appropriate stimuli, or at 
the will of the animal, it maybe made to contract or shorten its 
dimensions, thus giving rise to movements. As a rule, no other 
structures appear in the sarcode except minute rounded parti- 
cles, or granules and molecules, but in some cases larger defi- 
nite structures are formed out of it. Of this nature is the so- 
called " nucleus” found in many Protozoa. 

As regards their internal structure, some Protozoa exhibit 
nothing worthy of the name of structure at all, the entire body 
being simply composed of sarcode, containing scattered granules 
(for example, the Foraminifera). In other cases there are found 
certain definite bodies which are known as the “ nucleus ” and 
“nucleolus,” and which are usually, if not always, connected 
with reproduction. Very often, too, there are found certain 
minute cavities or chambers which close and expand at definite 
intervals, and whieh are known as the “contractile vesicles.” 
These are, doubtless, rudimentary organs of circulation. Iii one 
division of the Protozoa (the Infusoria ) there is a permanent 
mouth and a short gullet, but in all the others there are no defi- 
nite organs connected with the process of digestion. In no 
• Protozoon , however, without exception, have any traces of a 
nervous system been hitherto detected; and in none, even in 
those which possess a mouth, is there^ny distinct and definite 
cavity or chambar within the body in wh|ch the particles of 
food are received. No organs of sense exist in any of the Pro - 
tozoa~-*th&t is to say* there are no distinct organs fitted for the 
reception of impressions produced by light or sound; but the 
general surface of the body appears capable §f receiving the im- 
pressions produced by contact with foreign bodies, and there- 
fore acts as an organ of touch. The power of active locomotion 
i$ enjoyed by most of Protozoa / but in some cases this to very 
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limited, ayd in othe/ cases the animal is permanently fixed (as 
in the sponges). The apparatus of locomotion in the Protozoa 
is a varied nature. In many cases, especially in the higher 
forms, movements are effected by means of little hair-like pro- 
cesses, which are called " cilia ” (Lat cilium , an eyelasfi), and 
which have the power of vibrating or lashing to and fro with great 
rapidity. In other cases the cilia are accompanied or replaced 
by one or more long whip-like bristles, which act in the same 
fashion, and are known as “ flagella.” Amongst the lower Pro- 
tozoa the most characteristic organs of locomotion are the so- 
called " pseudopodia ” (Gr. pseudos , false ; poda, feet). These 
consist of variously-shaped filaments, threads, or finger-like pro- 
cesses of sarcode, which the animal can thrust out from any or 
every part pf its body. They are not, however, definite and per- 
manent organs like the cilia, for they can be produced at will, 

, and when they are again withdrawn they simply melt into the 
sarcode of the body, and leave no traces of their existence. 

As regards the classification of the Protozoa, a rough and use- 
ful division is into mobth -bearing or “stomatode” Protozoa, in 
which there is a distinct mouth ; and mouthless or “astomatous” 
Protozoa, in which there is no mouth. It is somewhat doubtful* 
however, if the mouth-bearing forms (namely, the Infusoria) 
can properly be kept in the Protozoa, so that thi^ Arrangement 
is not a very good one. More scientifically, the Protozoa are 
divided into three great divisions or u classes/* known by the 
names Gregarinidce, Rhizopoda, and Infusoria, all of which 
require special examination. 

Class I. Gregarinidce. — The Gregarinidce may be defined 
as parasitic Protozoa which have no mouth, and have no power 
of giving out pseudopodia. They are usually looked upon as 
formihg the lowest class of the Protozoa j but in all probability 
much of their degraded f^aractefr, as we shall see in other 
cases, is due to tbe fact that they are intefnal parasites, and 
are therefore not dependent on their ovgi exertions for food. 
They vary in size from less than the head of a small’ pin up to 
nearly half an inch in length, when they look something like 
small worms ; ancP they are found inhabiting the intestines~bf 
various animals, especially the cockroach and the earthworm. 

In anatomical structure a Gregarina usually presents the 
appdhrance of a single cell, consisting of an ill-defined n^m- 
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branous envelope, filled with a more or lrts granular sarcode 
containing fatty granules, agd having in it a little central 
bladder or vesicle — the “nucleus” — which, in turn enclose^ a 
solid particle or “ nucleolus” (fig. 2, a). The outer covering or 



Fig. a.— Anatomy and reproduction of the Gregarina of the earthworm (after 
. LieberkOhn). a Adult Gregarina ; b The same “ encysted " ; c With the contents 
broken up into pseudonavicellse ; d Free pseudonaviceliae ; t Contents of the 
pseudonavicellso when liberated. 9 

cuticle with which the protoplasmic body is enclosed, may be 
quite smooth, or it may be furnished with bristles or spines, 
and in some cases even cilia have been observed. Beyond the 
nucleus and nucleolus (which are probably connected with 
reproduction), no definite organs have been detected in the 
Gregarina y and all the processes of assimilating food and 
getting rid of waste or injurious products must be effected 
by the general surface of the body. As we shall see, however, 
this is common in internal parasites, which are not necessitated 
to live upon solid food, but which are enabled to subsist simply 
by imbibing the nutritive juices of their hosts. 

The follov^rsgis a. brief outline of the process of reproduction as it 
hasj?6en observed in the Gregarina^ sometimes in a single individual, 
sometimes in two individuals which have come together and completely 
coalesced and imdted into one another. The Gregarina becomes com- 
pletely motionleift^assumes a globular form, and develops rouncf itself 
a thick structureless coat or envelope, wfrewYt is said to be 14 encysted” 
(fig. 2, b). The nucleus then disappears, and the sarcode of the 
body breaks up into little masses, which are at first rounded, but after- 
wards become pointed at both ends, when they are called 44 pseudo- 
navicellae” (fig. 2, r). The cyst then breaks and the pseudonaviceliae 
escape, when they give origin to little masses of so$pode, which have the 
power of active movement and of throwing out pseudopodia, thus com- 
ing closely to resemble the animalcule which will be directly described 
as the Amoeba (fig. 2, *). These little amoeba-like masses, if they find 
a actable locality, are finally developed into new Gregarina. 0 
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CHAPTER II. 

RHIZOPODA. 

The next class of the Protozoa which we have to consider 
comprises the most characteristic and typical forms of the 
whole sub*kingdom. The name of Rhizopoda , or u root-footed** 
animalcules (from the Greek f rhiza, root ; and poda % de- 

rived from the fact that they aU possess the power of Itlinpring 
out at will from various parts of the body the processes of sar- 
code which have been already spoken of as pseudopodia, and 
by which they both move and obtain food. In fact, the Rhizo- 
poda may be shortly defined as Protozoa which have no mouth 
and possess the power of giving out pseudopodia. The pseudo- 
podia vary a good deal in shape and in other characters in 
different orders of the Rhizopoda, but they have invariably the 
character of being nothing more than temporary threads or 
finger-like processes of sarcode, which can be thrust out at 
will, and which melt again into the substance of the body 
when they are withdrawn. 

Four distinct types of structure are known in the Rhizo- 
poda, and these constitute as many distinct orders, which are 
known by the names of the Amoebea, Foraminifera, Radiog 
laria^ and Spongida. 

Order I. Amcebea.-^TWs order is characterised by the fact 
that the pseudopodia are mostly blunt and finger-like in Shape, 
and that the sarcode of the body contains* the structures known* 
as the u nucleus 99 and “ contractile vesicle 

As the type of the order may be taken the Amoeba or Proteus* 
animalcule, so called because of the incessant and illimitable 
changes of form which it exhibits (Gr. amoibos, changing). The 
Am&ba is a little microscopical creature which may commonly 
be detected in stagnant water, "especially where there is dfcay- 
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ing vegetable matter. When examinea under the microscope, 
all that would probably be sten at first wpuld be a shapeless or 
irregulwly-spherical mass of gelatinous, jelly-like sarcode, <*>n- 
taining scattered granules. Soon the creature mig^tbe observed 
to push dut a finger-shaped prolongation of its own substance ; 
and it would soon be found that similar processes or pseudo- 
podia could be pushed out at will from almost any point of the 
body and again retracted within it without leaving any trace 
behind. As a result of this, the form of the animal is constantly 
changing, and hence its common name of Proteus-animalcule 
(fig. 3, a). By means of these temporary processes of sarcode. 



Fig. 3 . — Morphology of Rhlzopoda. a Amccta radiosa , showing the pseudopodia, 
the contractile vesicle, nucleus, and vacuoles ; b Diffiugia, with the pseudopodia 
protruded from the anterior end of the carapace ; c Detached sponge-particles or 
4 * sarcoids;" d Ciliated sponge-particles of Grantia ; e Sponge-particle of .die 
fresh-water sponge (J5fa*giiia) with a single" cilium. 


the Amoeba both moves and obtains food. Locomotion is 
effected in a kind of creeping manner, the animal pushing out 
the pseudopodia in one direction and then pulling the body in 
the same direction. In the same way, when any minute particle 
of food, such^as a microscopic plant, comes within its reach, the 
/ imceba wraps a pseudopodium round it, and then withdrawing 
the pseudopodium, lodges the nutrient particle securely in the 
substance of body. It follows from this that the Amoeba has 
no permanent mouth — no aperture th&t is, which is especially 
employed in the admission of food. Any part of the surface can be 
pushed out into a ps^udopodium, and therefore any part of the 
surface can be extemporised into a mouth. The process of taking 
food, in fact, in the Amoeba , has been aptly compared to thrust- 
ing a stone or any other solid body into a luitip of dough. The 
central portion of the body of the animal is softer and more fluid 
than the outer layers, and the particles of food, on reaching this 
-potytt undergo a sort of digestion, and are subjected to a spfccies 
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pf tnoven^nt or rotation in the interior bf thfe animal Each 
particle of food; in the process pf being taken into the body; 
usually carries with it a little drop of water ; and in this way 
a number of clear spaces are formed,. which are usually quite 
round, and look like distinct cavities. These spaces are called 
“ vacuoles ;” # but they are not distinct organs of any kind, though 
formerly regarded as distinct stomachs. Having undergone 
digestion, any portions of food which may be indigestible or in- 
soluble are simply thrust out again through the walls of the 
body. This appears to be effected at one particular part of the 
body; but there is no permanent aperture for the purpose. 
There are no distinct vessels which serve to convey the nutri- 
tive fluid derived from the digestion; but there does appear 
to be a rudimentary organ by which this fluid is driven through 
the body. If we watch an Amoeba carefully, there is usually no 
difficulty in observing that every now and again there appears at 
one particular place a clear spot, “ like a window,'* which slowly 
expands to its full extent, and then usually contracts slowly till 
it disappears altogether. This process of gradual expansion 
and contraction is what is called " rhythmical ” — that is to say, 
it is repeated at tolerably regular intervals, perhaps twice 
a-minute. In some cases the vesicle, when contracted, remains 
so for a long time, but it always reappears in the same place. 
It is known as the contractile vesicle ; and there can be little 
doubt that it is a permanent organ. It is, in fact, a little clear 
space or cavity in the substance of the body, filled probably 
with the nutritive fluid derived from the digestion, and no 
doubt serving by its contraction to drive this fluid to various 
parts of the body. In its function, then, the contractile vesi- 
cle of the Amoeba is to be looked upon as the first indication 
which we have in the entire animal kingdom of that most im+ 
portant organ, the heart. 

The A /war&r possess*^ nc* breathing-organs of any kind, and 
no excretory organs, so that these functions 'must be performed 
by the general surface of the body in a planner somewhat the 
same as the exhalation from the skin which takes place in the 
higher animals. There are, also, no traces of a nervous system* 
and no organs of sense, and the only other structure of any kind 
is. what is known as the nucleus. The nucleus is simply a 
small rounded or oval granular mass, and there may be. more 
thaft.one in the same individuaE Its function, however* is^uite 
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unknown, though it is probably connected with reproduction. 
JThe means employed by th ^Amoeba to perpetuate the species 
are various, but the only one which need be mentioned is 3he 
process by self-division. This is what is technically called 
fission m {LaX.ftndo t I cleave), and it consists in a gradual divi- 
sion or cleavage of the body into two parts, each ofc which then 
becomes a separate and independent individual. In some cases 
this process is slightly varied, a single pseudopodium alone 
being cast off and becoming a fresh Amoeba , but this does not 
differ essentially from the former. 

Regarding the Amoeba from a physiological point of view, we 
see that, though the animal nourishes itself and maintains its 
existence perfectly, the process of nutrition is carried on in the 
simplest possible manner and with the simplest possible appara- 
tus. There is no permanent mouth, no stomach or alimentary 
canal of any kind, no respiratory or excretory organs, and even 
no distinct aperture for the extrusion of indigestible food. The 
only distinct structure which is at all concerned in nutrition is 
a rudimentary contractile cavity, the first foreshadowing of the 
heart in the higher animals. As regards the functions of rela- 
tion, it is questionable how far the Amoeba can be said to have 
distinct perceptions or sensations of any kind. It has no ner- 
vous system or organs of sight or hearing, and in all probabil- 
ity it has nothing more than a general sensibility to light. 
It appears, however, to be fully aware when any object comes 
in contact with a pseudopodium, and even to have some idea 
whether this is fit for food. Locomotion, as we have seen, is 
entirely effected by the temporary processes of sarcode or pseu- 
dopodia, and there are no permanent organs set aside either 
for locomotion or for prehension — that is, for seizing external 
objects. 

The only other member of the Amoebea which deserves notice 
is the Difflugia (fie. 3 , b), which isonot c uncommonly found in 
fresh water. Dtjff&gia in its essential structure does not differ 
from the Amoeba , buUthe greater part of the body is enclosed 
in a sort of case or carapace, mostly composed of grains of 
sand, within which the animal can retire completely. The cara- 
pace is open at one end, and the pseudopoaia are protruded 
from this aperture. The animal generally creeps about head- 
down wards, so to speak ; that is to say, with the closed end of the 
carapace elevated above the suiTace on which it is moving . 0 
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Order U- ForamiVifera. — The next order of the Rhizopoda 
isthat of the Foraminifera, compiling animals which at first 
sight appear to be highly complex, but which are really much 
less highly organised than the Amoeba. The Foraminifera may 
be defined as Rhizopoda in which the body is protecfpd by a 
shell or “tests'* there is no nucleus or contractile vesicle j and 
the pseudopodia are extremely long and threadlike , and interlace 
with one another so as to form a network. 

The most obvious and striking character of the Foraminifera 
is the possession of an outer case or shell, and for a long time 
they were known to naturalists by their shells alone. As the 
shell or test is usually very beautiful and often very complex, 
the Foraminifera were consequently placed at first amongst the 
true shell-§sh (. Mollusca ), very much in advance of their true 
position. When, however, the anatomical structure of the 
group came to be investigated, it was soon found that they were 
really referable to the Protozoa, and that in point of fact they 
even occupy a low position in this sub-kingdom. However 
elaborate and complicated the shell may be, the body of the 
contained animal is composed simply of granular gelatinous 
sarcode, highly elastic and contractile, and usually reddish or 
yellowish in colour. This sarcode not only fills the shell, but 
also in many cases gains the exterior by means of little perfora- 
tions in its walls, and forms a thin film over its outer surface. 
Wherever the sarcode is exposed, whether this be only at the 
mouth of the shell, as in Miliola (fig. 4, b) or whether it be over 
the whole surface, as in Discorbina (fig. 4, c ), it has the power 
of giving off pseudopodia. The pseudopodia, however, differ 
greatly from those of the Amoeba, and they show some remarkr 
able characters. They are extremely long threadlike processes, 
instead of being blunt and finger-shaped, and they have the 
curi&is property that they run into one another and interlace 
towards their extremities, go as to form a network which has 
been aptly compared to an 4< animated spideris web.'* Lastly, the 
microscope reveals in the pseudopodia a very curious circulation 
of minute solid particles or granules, whicfi travel in all directions 
through the pseudopodial network. Internally, the sarcode-body 
of the ForaminifPra exhibits absolutely no structures or definite 
organs of any kind. Even the nucleus and contractile vesicle 
which occur in the Amoeba are here absent, and the only traces 
of structure are to be found in the existence of scattered granules. 
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• ' Simple as is the sarcode-body of the JPoramittifetgi, it has in 
ill cases the power of seeding a skeleton or shell, which is 
technically called the "test” (Lat. testa, a shell). The shall is 
usually " calcareous ” — that is to say, composed of carbonate of 
lime bjit it is sometimes “ arenaceous,” or composed of par- 
ticles of sand united together firmly by an unsown animal 
cement In either case, the shell may exhibit one or other of 
two very distinct types of structure. In the one type (as in 



Fig. 4.— Morphology of Foraminifera. a Lagetta vulgaris ; a monothalamous For- 
aminifer; b Miliola (after Schultze), showing the pseudopodia protruded from 
the oral aperture of the shell ; c Discorbina (after Schultze), showing the nauti- 
lold shell with foramina in the shell-walls, giving exit to pseudopodia ; Sec- 
tion of Nodosaria (after Carpenter) ; t Nodosaria Ais/ida ;/ Globigerina bul~ 
loidts. 

Miliola , fig. 4, b) % the shell-walls ar^ nqf* perforated with holes, 
and the pseudopodia are therefore all emitted from the mouth 
or “ oral aperture" of the shell. In the other type (as in Discor - 
tinoy fig. 4, c) 9 the sheTl-walls are perforated with a number of 
little apertures or 44 foramina,’* from which the order derives its 
name. These foramina are the mouths of tflbes which pierce 
the walls of the shell, and thus establish a free communication 
between the interior and exterior. In this way the sarcode 
which fills the inside of the sheH is enabled to reach -the outer 
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surface, so 3 s to form A film, from any part of which the pseudo- 
podia may be given off. The presence or absence of foramina 
is believed to constitute a true structural distinction, and the 
Foraminifera may be thereby divided into two great groups 
( Perforata and Imperforata ). 

According to the form of the shell, also, the Foraminifera 
may be conveniently, though rather arbitrarily, divided into two 
gfleat sections. The simplest form of shell is seen in such an 
example as Lagena (fig.. 4, a), where the shell consists of but a 
single chamber; and the animal, in fact, is nothing more than 
a little mass of sarcode, surrounded by a calcareous envelope. 
Lagena, then, may be taken as the type of what are . called the 
u monothalamous ” Foraminifera (Gr. monos , single; thalamos , 
a chamber)— that is to say, of those forms in which the animal 
consists of a single segment, and the shell of a single chamber. 
All the Foraminifera without exception commence life as 
''simple” or "monothalamous* forms, like Lagena, but it is 
comparatively seldom that they retain this simplicity through- 
out life. In the great majority of cases the primitive mass of 
sarcode, or "primordial segment,” commences a process of 
budding, or "gemmation," by which it becomes converted from 
a "simple” into a "compound” form. The original sarcode- 
mass, that is to say, begins to throw out buds in some determin- 
ate direction ; all the buds thus produced remaining connected 
with one another, and all surrounding themselves with a calca- 
reous covering. In this way we get ultimately a compound 
organism, composed of a number of little masses of sarcode, all 
permanently united to one another, and all enclosed in a com- 
mon shell. We get then, ultimately, such a form as Nodosaria 
(fig* 4. d, e), which may be regarded as a good example of these 
so-called "compound" or polythalamous " Foraminifera {Gy* 
poludt many ; thalamos, a chamber). The exact form of shell 
which is produced by.tbjp process of budding will depend upon 
the direction in which the buds are given off* by the primordial 
segment. If the buds are given off in a line, we get such a form 
as Nodosaria . If they are given off in a 9 spiral direction, each 
succeeding segment being a little larger than the one before it, 
and the coils of tfie spiral all lying in one plane, then we get 
such a shell as Disci&bina (fig. 4, c). This is one of the com- 
monest forms of shell amongst the Foraminifera , and it is often 
calltd the " nautiloid ” shell, from the close resemblance which 
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k bears in shape to the well-known shell # of the pesy*ly nautilus. 
It was, in fact, this externa^ similarity which induced the older 
naturalists to place the Foraminifera amongst the Mollusoa in 
the neighbourhood of the cuttle-fishes. There are numerous 
otheAt^pes of shell, all of which can be referred to the manner 
in which gemmation is carried on by the primordial segment ; 
but the two forms above mentioned may be taken as sufficient 
examples. It may be mentioned, however, that there are fonfns 
in which the new segments are added in a very irregular man- 
ner, and the resulting colony has no very definite shape, as in 
Globigerina (fig. 4,/). 

Affinities of the Foraminifera. — In spite of their beautiful, and 
in many cases complex, shells, the anatomical structure of the Foramini- 
fera is so simple that it may fairly be questioned whether ift a systematic 
arrangement they should not be placed at the bottom of the whole sub- 
kingdom Protozoa. Perhaps the nearest relatives of the Foraminifera 
are the Polyeystina % a group of organisms which we have yet to consider. 
These differ from the Foraminifera in little or nothing, except that’ the 
shell is composed of flint. The Foraminifera are also clearly related to 
those forms of the Amcebea which possess shells, such as Difflugia. The 
sarcode-body of Difflugia, , however, contains a nucleus and a contractile 
vesicle, and the pseudopoclia are thick and blunt, so that the differences 
are sufficiently weighty. There are also very interesting points of re- 
lationship between the Foraminifera and the sponges, which canAot be 
touched upon here. A few words, however, may be said on the physio- 
logical deductions which may be drawn from the study of the Foramini- 
fera . Regarded from a physiological point of view, the structural sim- 
plicity of the Foraminifera renders them all the more wonderful. We 
have hi them the great equation of life presented to us in perhaps its 
simplest form. They are composed of an oiganic substance, but cannot 
be said to possess “ organisation,” being “structureless, and without per- 
manent distinction or separation of parts.*’ * Nevertheless they perform 
"all the physiological functions ; they assimilate food — they live, grow, and 
maintain their integrity in the face of the destructive forces constantly at 
work upon them — they reproduce thei^ likQp — and they have certain re- 
lations with the external world, being at any\ate capable of independent 
locomotion. All these vital actions they effect without possessing a 
single organ permanently set apart for the performance of any one of 
them. Lastly, they have the power of building up an outer envelope or 
shell, which is always beautiful, and is often of the most complex charac- 
ter, and constructed upon a regular mathematical plan. The Foramini - 
fera, then, of all known animals, offer the most convincing illustration of 
two laws — firstly, that there is something in the action and nature of 

* HUxley. 
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vital forces altogether distinct from anything hitherto observed in the 
physical force# ; and secondly, that life is the cause of organisation, and 
not the result of it: in other words, an airimal is organised, or possesses 
strucAre, because it is alive ; it does not live because it is organised. 

Distribution op Foraminifera in Space.* — The Foramittifera 
are exclusively marine or inhabitants of the ocean, and have g World- 
wide distribution. They are mostly very minute, but some of the extinct 
forms attained a size of as much as three inches in circumference (e.g. $ 
the Nummulite, fig. 5). Some forms may be obtained adhering to the 
roots of tangle ( Laminaria ) at or near low- water mark, but they are 
mostly to be dredged from tolerably deep water. In the deepest parts 
of the ocean which have yet been examined by the dredge— at a depth, ’ 
namely, of nearly three miles— Foraminifera have been obtained in 
abundance. There is also no doubt that in many parts of the deep 
ocean, especially where warm currents exist, there are now forming 
deposits of tlje shells of Foraminifera , which may well be compared to 
the great masses of white chalk with which the geologist is familiar. 
Foraminifera may generally be obtained for examination from the shak- 
ings of sponges or from the sand ofr the sea-shore, especially in warm 
climates. To give some idea of their abundance, it may be stated that 
Plancus found about 6000 specimens in an ounce of sand from the 
Adriatic ; but D’Orbigny calculated that no fewer than between three 
and four millions were present in an ounce of sand from the Caribbean 
Sea. 

Distribution of Foraminifera in Time. — It is not the object of 
the present work to enter into the consideration of the past existence of 
different groups of animals, since this presupposes some knowledge of 
geology, but the Foraminifera present some points of special interest 
which may be very shortly noticed. In the first place, as far as is yet 
known, the Foraminifera were the earliest and oldest of created beings. 
The oldest fossil which has hitherto been exhumed by the labours of 
geologists is believed to have been a Foraminifer> f of large size, and 
with some decided affinities to existing forms. In the second place, it is 
only by an examination of the distribution of the Foraminifera in past 
time that we can arrive at any adequate notion of th? importance of* 
these microscopic creatures when looked at in the aggregate. The great 
geological formation known as the white chalk — a formation which forms 
the well-known chalk-cliffs’df the south of England, and which stretches 
over a great part of the continent of Europe, attaining sometimes a 
thickness of not less than 600 feet — is almost ^vholly composed of the 
shells of Foraminifera^ visible only to the microscope. The smallest 
fragment of the common chalk, with which every one is familiar, con- 

* Under the term “ iAtribution in Space 1 * come all the facts relating to the pre* 
sent occurrence of any animal or group of animals upon the globe. Under the term 
** Distribution in Time,** come all the facts relating to the past occurrence of any 
animal or group of animals upon the globe. 

f The Eoao&n Canodense of the Laurentuui Rocks of Canada. 
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tains numbers of these minute shells ; and it hra singular fact that some 
of the species in the chalk are indistinguishable from fonfls which now 
occur in the ooze which form# the bed of the Atlantic at great depths. 
The stone of which Paris is built is to a very great extent compoSed of 
the shells of Foraminifera % especially of the Miliola ; and it is hardly an 
exaggeration to say that Paris is mainly built up out of these minute 
organisms. Another remarkable formation is that known as the “ Num- 
mulitic limestone,*’ from the presence in it of a large coin-shaped Fora- 
minifer % the Nummulite (fig. 5), generally about as large as a shilling. 



Fig.^ — Nummulites Utvigaius \ 

The Numidulitic limestone stretches from France on the west to the 
frontiers of China on the east, and is almost everywhere readily recogl 
nisable as a distinct formation. It attains in places a thickness of seve- 
ral thousand feet, and is especially largely developed in the Alps. It 
has an historic interest from the fact that the Pyramids are built of it, 
and that the Nummulites in it were noticed by Herodotus, the “ father 
of history.” 

Order III. Radxolaria. — The third order of the Rkisopoda 
is that of the Radiolaria, essentially distinguished by the fact 
that the sarcode-body has the power of secreting a “ silicious ” 
or flinty skeleton, either in the form of a shell, or. of detached 
spicules or needles ; whilst the pseudopodia are long and thread- 
•like, and stand out from the body like rays. In this last charac- 
ter th^AWiWariVTapproach very closely to the Foratnit&feraj 
and tm resemblance between the two groups is still further in- 
creased by the face that the pseudopocfia often run into one an- 
other so as to form a network, and sometimes show a circulation 
of granules along thefr edges. Three groups of organisms have 
beep described as belonging to the Radiolaria , and we may 
briefly notice an example of each of these. 

In the first family we have organisms like Acanthometra (fig. 
. 6, a) 9 in which the body is composed of sarcode, supported by a 
framework of silicious or flinty rods, which all meet in a torn- 
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mon centre. The spires or rods are all perforated by canals, 
and each coAveys a pseudopodium, which is protruded from an 
aperUire at its apex. Many pseudopdtiia, however, are given off 
fromthe surface of the body directly, and are not enclosed in 
the spines. The Acanthometrce are all minute, and are fpund 
floating near the surface in the open ocean, sometimes ill great 
numbers. 

In the second family ( Polycystina , fig. 6, d) we have a number 
of beautiful little organisms closely allied to the Foramin if era, 
but differing in the fact that the body is enclosed in a glassy 
shell oqfnposed of flint The shell is perforated by numerous 
holes tRrough which the pseudopodia are emitted, and it is 


usually of extreme beauty, being sculptured in various ways, 
and ohen adorned with spines. The sarcode of the body is 



Fig. 6 . — a A can thometra lanceolata ; b Haliomma kcxacanthum, 
one of the Polycystina (after M filler). 

The pseudof>odia are filamentous, and exhibit a slow circula-, 
tion of granules along their borders, but they do not run into 
one another. All the Polycystina are microscopic, and tfey are 
all inhabitants of the sea* They are best knpwn to students of 
the microscope as the “ Fossil Infusoria of Barbadoes,” as they 
occur in incalculable numbers in a sandstone in that island. 

In the third family ( Thalassicollida , fig. 7) are included a 
number of singula* gelatinous organisms which may be as large 
as an ordinary marble, but are often hardly visible to the un- 
assisted eye. They are found floating passively at the surface 
of most seas. 
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The body in all the Thalassicollida i, composed of sarcode, 
"and has the power of giving off threadlike radiating pseudopodia, 
fybich sometimes run intfo one another and form networks. 
Generally the sarcode also exhibits spherical, bladder-like bodies 
or v^ficles, the exact nature of which is obscure. In all cases 
the saffcode-body appears to have the power of secreting flint 
in some form or other. In Collosphara (fig. 7,«z), the flint is 



Fig. 7. — a Silicious shell of CoUosfihtrra ; b Thalassicolla , showing the radiating 
pseudopodia and groups of silicious spicula (after M dller). 

secreted in the form of a shell or test, perforated by large apefw 
tares/ In Thalassicolla (fig. 7, b) t the silica forms groups of 
needles or “ spicula,*' scattered here and there in the jellgjUike 
sarcode. * ■ , 

' Order IV. Spongdda. — T he last order of the Rhizopoda is 
that of the Spottgida , the exact nature and position of which 
have only recently been determined. For a long time sponges 
were pretty generally regarded as being vegetables, and it is 
only since the microscope has been employed in their elucida- 
tion that their true nature has been made out. Most naturalists 
.are now agreed as to the propriety of placing the |^onges in the 
animal kingdom, and they are generally referred to the ghizo- 
poda , though they are sometimes looked upon as constituting a 
distinct and separate class of the RPofbzoa. The’ apparent com- 
plexity of structure which the sponges exhibit is due to the fact 
that what we ordinarily * term a sponge is really a colony or 
aggregation of separate masses of sarcode, greatly resembling 
Amatbea in structure, and having the pov^er of secreting a 
skeleton or supporting framework common to the whole assem- 
blage. Sponges, in fact, may be defined as compound+Rhizo- 
poda, forming masses which are travl^sed by canals opening on 
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the surface , and supported by a framework of horny fibres ; or of 
calcareous ,&r flinty needles , J . 

TJicre are, then, two essential el&nents in the structure of a 
sponge — namely, the sarcode-bodies which constitute the ani- 
mal itself, and which are collectively termed the "sponge- 
flesh,” and the hard framework or “ skeleton ” upon winch the 
flesh is supported. To understand the nature of these fully, 
we may take an ordinary horny sponge, such as we are con- 
stantly in the habit of using. As we see the sponge in this 
countiy, we are only acquainted with the skeleton, which is 
composed of an enormous number of horny fibres, all interlaced 
and interwoven with one another, but leaving numerous holes 
and canals between their bundles (fig.^, rf). In its living con- 
dition, however, the whole of this skeleton^ is covered inside 
, and outside— saturated, in fact — with a kind of slimy material 
very like white-of-egg to look at. This is the so-called 
sponge-flesh, and, upon examining this with a microscope, it 
is found to be composed of an enormous number of minute 
masses of sarcode, all more or less completely independent 
of each other, and each very closely resembling an Amoeba. 
These separate " sponge-particles,” or " sarcoids,” as they are 
called, consist, in fact, of granular sarcode, capable of pushing 
out little processes or threads of sarcode in the form of pseudo- 
podia, and sometimes furnished with an internal solid mass,or 
nucleus (fig. 3, c ). In some cases each sarcoid carries a single 
lash-like vibrating filament or cilium (fig. 3, d t e). Each sarcoid 
has the power, if detached, of independent movement, and 
each can obtain food for itself. As the sponge, however, is a 
fixed animal, some provision is necessary by which food shall 
be conveyed to the sarcoids in the interior of the mass. This 
is effected a remarkable water- carrying or "aquiferous”# 
system in the following manner : The entire sponge is riddled 
in every direction by an jmmense number of canals, all opening 
on the surface, and comm&niSating freely withtone another in the 
interior of the mass. The canals are of different sizes, and, as cai\ 
readily be observed in an ordinary sponge? their external open- 
ings are also of different sizes. A few of the holes are of much 
larger size than th% others, and these, for reasons which will .be 
seen directly, are* called the "exhs^ant apertures,” or " oscula.” 
The great majority of the holes are very minute, and these^are 
known as the " inhalant apertures,” or u pores." In a living 

o 
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sponge a more or less constant circulation of water is carried 
ov£by means of thts canal system. The water is Admitted by 
* t m£ans of the pores (fig. 8 ?bb), is driven into the intericgr of 
the sponge, and is finally expelled in steady streams from the 
oscula (fig. 8, d). The mechanism by which this circulation of 
water is effected was long unknown, but it is now known to 
consist in aggregations of sponge-particles provided with cilia 
which all work towards the interior of the sponge (fig. 8, cc). 




Fig. 8.— Diagrammatic section of Spongilla (after Huxley), a a Outer or super- 
ficial layer of the sponge; b b Inhalant apertures, or “pores;*' c c Ciliated 
chambers; d An exhalant aperture, or “osculum.” The arrows indicate the 
direction of the currents. 

The circulation of water in this manner can be readily observed 
in many of our common marine sponges, and it is under the 
control of the animal to a great extent. The large apertures 
or oscula are permanent, but they can be closed and opened at 
will ; whilst the smaller apertures or pores appear to be formed 
afresh, wherever they are wanted, at any point of the surface. 
<By means of the currents of water each individual sarcoid or 
sponge-particle is enabled to obtain food, so that therwhole 
sponge, as remarked by Huxley, 41 represents a kind of sub- 
aqueous city, where the people are arranged about the streets 
and roads in such a manner that each can easily appropriate 
his food from the ^atef v as it passes along.*' It is also not 
improbable that the process is at the same time a rudimentary 
form of respiration. 

Such, then, are the general phenomena exhibited by any 
sponge, and the chief variations which occur amongst the 
sponges are to be found in the nature of the skeleton. I a the 
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sponges of Commerce 9 the skeleton consist? of matted fibres 
composed of a substance nearly allifyl to horn. In other forms 
the skeleton is calcareous, or composed of lime ; and in other 
cases, again, it is silicious, or composed of flint. The Venus's 
flower-basket, which looks like a goblet woven of spun giSss, is 
a familiar example of the flinty sponges. In most cases, the 
skeleton, and often the flesh as well, is furnished with more 
, or less numerous needles or spicula, generally of flint, but 
sometimes of lime, which assume a great variety of shapes, and 
appear to exercise different functions (fig. 9, c, d). 

As regards the reproductive process in the sponges, it will be 
sufficient to state very briefly the leading, phenomena which 
have been, observed in the fresh - water r sponge ( Spongilla 
fluviatilis ). , If a specimen of Spongilla be observed towards 
the approach of winter, its deeper portions will be found to be 
filled with numerous small rounded bodies, like seeds, which 
have been called “gemmules.” Each gemmule (fig. 9, a, b) 




Fig. 9 . — a Gemmule of Spongtffa ; h Hilum; b Diagrammatic section of the gem- 
mule, showing the outer layer^>f $>icules or amphidiscs, and the inner mass of 
cells; h Hilum; r One of the amphidiscs seen in profile; d Fragment of the 
skeleton of a homy sponge (after BowerbaqkjL showing the interlacing homy 
fibres with spicula. All much magnified. ** • 

exhibits at one point a small aperture or “hilum;” and is 
found to be compo^ld of a leathery membrane, surrounded by 
a layer of sarcode, in which are imbedded a number of spicula. 
These spicula are called “amphidiscs,” and consist each of a 
central rod or axle carrying a toothed wheel or disc at ea£h 
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<;nd (fig. 9, c). In the interior of the capsule thu% formed is a 
mass of cells, of which l£ie central ones contain numerous 
reproductive germs. When the spring comes, these masson are 
discharged into the water through the aperture or hilum of 
the gfett imqje, and become developed into fresh Spongillee \ In 
addition to this method of reproduction, the freshwater sponge 
during the summer months has the power of producing true 
eggs or ova, and sperm-cells. The impregnated ova develop , 
themselves into embryos, which are provided with numerous 
cilia or vibrating hairs, by means of which they swim about 
freely. Finally, upon finding a suitable locality, they fix them- 
selves to some solid object, lose their cilia, and grow up into 
Spongillce . Indeed, as a general if not universal rule, the 

embryos of the sponges are provided with cilia, and are thus 
capable of active locomotion. In this way is secured the 
extension over a wide area of e these otherwise fixed and plant- 
like organisms. 

Distribution of Sponges in Space . — It remains only to add a 
few words on the distribution of sponges in space. With the 
single exception of Spongilla, all known sponges are inhabitants 
of the sea; but the former is to be found in lakes and rivdw in 
most parts of the world. The marine sponges are found meetly 
attached to stones and other foreign objects between tide-marks 
and in deep water. The sponges of commerce are mostly ob- 
tained from the Grecian Archipelago, but inferior kinds are 
Imported from the Bahama Islands. One common sponge 
( Cliona ), instead of incrusting other objects, inhabits branching 
cavities in shells, which it excavates for itself. It apparently 
lives upon the animal matter contained in the shell, and few 
oyster-shells can be picked up upon our shores which do not 
exhibit the perforations and mines of some species or other of 
this genus. Fossil shells, also, often occur, which shdw that 
these mining sponges have enjoyed a*fast antiquity. 
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CHAPTER III. 

INFUSORIA. 

* 

The last class of the Protozoa is that of the Infusoria, so called 
because of their being frequently developed in organic infusions 
under the fallowing singular circumstances : If some water be 
taken, and any animal or vegetable substance be soaked or 
boiled in it, a solution is formed containing organic matter, or, 
in other words, an “organic infusion.” It is unnecessary to say 
that if this infusion be examined under the microscope, after 
boiling, nothing will be detected in it, — nothing living, at any 
rate. If examined, however, at the end of a few days* time — if 
the circumstances have been favourable— a vast number of living 
forms will now be found in it. Amongst these will be found 
several of the members of the present class, and hence the name 
applied to them of Infusorian animalcules, or Infusoria. It is 
unnecessary to enter here into the question how these living 
beings are produced, since the subject is one of great obscurity, 
and opinions are still divided upon it. It is sufficient to remark 
that there are eminent observers who hold that the appearance 
of the Infusoria in this fashion is to be explained upon the 
theory that they have been spontaneously produced out of the 
inorganic materials of the infusion, in opposition to the general? 
view^hat they are derived from pre-existent germs. 

The position of the Jjtfujsoria is somewhat doubtful, and it 
appears probable that they will ultimately have to be regarded 
as a separate sub-kingdom, or as a branch of a higher sub- 
kingdom ( Annuloida ). In the meanwhile it is most convenient 
to retain them in their present place, at the head of the sub- 
kingdom ProtozoB . Regarded in this light, the Infusoria pre- 
sent a great advance in structure over all the form^.which we 
have hitherto studied — an advance which is especially seen in 
the Constant presence of a permanent mouth. For this reason 
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they are often spoken of collectively atf the "gtomatode,” or 
mouth-bearing Protozoa. The Infusoria may be* defined as 
Protozoa which are provided with a mouth , and generally a 
rudimentary digestive canal. They do not possess the power of 
emitting pseudopodia, but are furnished with vibratile cilia or 
contractile filaments. They are mostly microscopic in size, and 
their bodies usually consist of three distinct layfrs. They are 
mostly simple free-swimming organisms, but they sometimes 
form colonies by budding, and are fixed to some solid object in 
their adult condition. As types of these two sections of the 
Infusoria, we may take respectively Paramoecium and Epistylis. 

Paramaedum (fig. 10, c) is a beautiful slipper-shaped little 



Fig. sow — Morphology of Infusoria, a Epistylis , a stalked Infusorian; b A single 
cup oC the same, greatly magnified, showing the ciliated digestive cavity, the 
contractile vesicle, and the smaller food-vacuoles ; c Diagrammatic representa- 
tion of Parametrium , showing the funnel-shaped gullet, the nucleus, and nucle- 
olus, food-vacuoles, and two contractile vesicles; d Aspidisca lynceus; * Peru - 
nsma globulosa , a flagellate Infusorian. 

creature, which may be found commonly in stagnant waters or 
in artificially-prepared infusions. The body is nearly ■quite 
transparent, and consists of three a la^rs — i, a structureless, 
transparent, external film or pellicle, called the " cuticle;” 2, a 
central mass of soft semi-fluid sarcode, which is called the 
“ abdominal cavity,*' is receiving the particles of food ; and 3, 
an intermediate layer of firm and consistent sarcode, which is 
called the ''cortical layer" (Lat. cortex , , balk). The external 
membrane or cuticle is richly covered with minute vibrating 
hairs or cilia, which appear, however, to be really derived from 
the cortical layer. The cuticle is also perforated by the dper- 
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ture of the mouth, which is continued into a short funnel-shaped 
gullet. The gullet, however, is not continued into any distinct 
stomach, but opens directly into the soft semi-fluid sarcode which 
constitutes the central abdominal cavity. The particles of food 
on passing through the gullet are directly received jjpto the 
central mass of diffluent sarcode, where they undergo a kind of 
slow circulation^ or rotation. As in the case of the Amoeba* 
each particle of food generally carries with it a little water, so 
that the appearance is produced of a number of little clear 
spaces in the central sarcode. These are now called vacuoles, 
or food-vacuoles ; but they were originally described by Ehren- 
berg, the famous Prussian microscopist, as so many distinct 
stomachs, in consequence of which he named the Infusoria the 
Polygastrica (Gr. polus* many ; and gasier, stomach). The 
vibrating cilia which clothe the surface of Paramcecium serve 
partly to drive the animal rapidly through the water, and partly 
to set up currents by means of* which food is conveyed to the 
mouth. All the nutrient particles obtained in this way undergo 
the circulation in the central sarcode above spoken of, where 
they are partially or completely digested. The indigestible por- 
tions of the food appear to be got rid of by a second aperture 
{anus) placed near the mouth. The only other organs pos- 
sessed by Paramcecium are the so-called nucleus and nucleolus, 
and the contractile vesicle (or vesicles), all of which appear to 
be situated in the cortical layer of the body. The nucleus 
is a little solid body, composed of an external membrane, with 
granular contents, and having the nucleolus firmly attached 
to its exterior in the form of a little spherical particle. Both 
appear to be oigans of reproduction, the nucleus being an ovary, 
and the nucleolus a spermarium. The names, therefore, of 
nucleus and nucleolus are extremely inappropriate, as they 
lead^o confusion with the'wholly distinct structures which re- 
ceive these names in ag^ordinary animal or vegetable cell. The 
contractile vesicle has exactly the same structure as in the 
Amoeba. It is simply a little contractile cavity filled with a 
fluid apparently derived from the digeltion, and contracting 
and dilating at regular intervals. There' is usually*, only a 
single vesicle present, but there may be two or more. 

Reproduction in Paramcecium may be effected by fission — 
that is to say, by a simple splitting of the body of a single in- 
dividual into two portions, each of which becomes a fresh being. 
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TEheprcfcess of fission may commence at*the surface, or it may 
begij£ aft the nucleus. In other cases, two Paramacia come to- 
gather hud adhere closely # to one another. The nucleus^tnd 
hucledlus enlarge, and the nucleolus of each is transferred to 
the oU|gr, apparently through the mouth. As the result of this, 
numerous germs are produced, which, after their liberation from 
the body of the parent, are developed into fresh individuals. 

Epistylis , which we have chosen as the type of the fixed /#- 
fusorich may be regarded as essentially similar to Paramcecium 
in its anatomical structure. In place, however, of a single free- 
swimming organism, we have now a colony of more or less 
closely related beings, the whole assuming a plant-like form, and 
being rooted to some solid object. The colonies of Epistylis may 
not uncommonly be found adhering to the stems of ^ter-plants 
or to the backs of our common water-beetles, and the trained 
eye readily recognises them as a greyish-white down or nap. 
On placing a portion of this finder the microscope, we see a 
number of little oval cups or 11 calyces ” (fig. io, a) supported 
upon a branched stem. The stems are quite transparent, and 
are not capable of contracting or of shortening their length. 
The cups, however, have the power of contracting so as to 
alter their dimensions. Each cup contains a sarcode-body, es- 
sentially the- same as Paramcecium in structure, consisting of 
granular sarcode, with vacuoles, a nucleus, and a contractile 
vesicle. The end of the cup furthest from the stalk terminates 
in a rounded aperture, through which there can be protruded a 
ciliated disc (fig. io, 6). On one side of this disc is the aperture 
of the mouth, leading into a kind of gullet, which is also fur- 
nished with large vibrating cilia. This, in turn, opens directly 
into the soft granular sarcode of the abdominal cavity, which 
exhibits a constant though slow rotation. 

Another beautiful stalked Infusorian is the so-called Bell-animalcule 
( Vorticella ), which may be compared to a. single calyx of Epistylis , de- 
tached from the colony and supported upon a stalk or pedicle, which is 
highly contractile, and can be coiled up by the animal at pleasure. In 
Stentor, the Trumpet-animalcule, we are presented with another form 
essentially similar to Vorticella , but consisting of a single trumpet-shaped 
calyx, winch is not permanently attached by a stalk, but has the power 
of fixing itself at will. Lastly, in Vaginicola we nave a form closely 
resembling the Trumpet-animalcule, but protected by a membranous 
case, apparently produced by an alteration of the cuticle, within which 
the animal can retire when needful. * 
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All the Infusoria we Have been hitherto considering belong to a sec- 
tion of the class in which the surface is furnished with more or less 
nun^rous cilia. There are other fornft, however/ in which there are 
no^ cilia, but the body is furnished with a number of radiating filament- 
ous tubes, the extremities of which form little sucking-discs. Finally, 
there is another section in which the organs of locomotion a^in the 
form of long contractile filaments, termed ** flagella,” which may be 
combined with cilia, or may be the only locomotive organs present (fig. 
iq, e). In accordance with these differences, the Infusoria are divided 
into the three orders of the Ciiiata , Suctoria, and Flagdlata, of which 
the ciliated forms are by far the most numerous and most important. 

Distribution of Infusoria in Space. — As regards the distribu- 
tion of Infusoria in space, there is little to say, except that they are of 
universal occurrence in fresh water over the whole globe, and that they 
occur also in the sea. In fact, the only conditions which appear to be 
necessary fo* their existence are a certain quantity of water holding or- 
ganic matter in solution. Wherever these conditions are fulfilled. Infu- 
soria are certain to make their appearance. The attached forms of 
Infusoria , however (such as Vortihlla, Epistylis , Stmtor, and others), 
do not appear to be ever developed in artificial infusions, and they are 
to be sought for on the stems of water-plants, and in other similar local- 
ities. It seems hardly necessary to remark that, as before defined, the 
occurrence of fossil Infusoria is not to be looked for, as they possess no 
hard structures which are capable of permanent preservation. It is only 
to be added in this connection, that if the animalcule known as NoctHuca 
be rightly referred to this class, the Infusoria take a very decided share 
in producing the, diffused phosphorescence or luminosity of the sea, 
which is occasionally such a beautiful spectacle even in our own cli- 
mate. 

Table showing the Divisions of the Protozoa. 

Class I. Gregarinid/E. — Parasitic Protozoa which are destitute of 
a mouth, and do not possess the power of emitting pseudopodia. 

Class II. Rhizopoda. — Protozoa which are destitute of a mouth, 
are simple or compound, and have the power of emitting extensile and 
contractile processes of the body-substance (pseudopodia). § 

a, % Anuxbea. — Ex ., Amoeba, Difflugia. 

A Eoraminifera . — Ex. % J^agena, Nodosaria, Discorbina. 

c. Radiolaria. — Ex Acanthometra, Haliomnys, Thalassicolla. 

d. Spongida . — Ex., Spongilla. 

Class III. Infusoria. — Protozoa with sa mouth and rudimentary 
digestive canal ; destitute of the power of emitting pseudopodia ; fur- 
nished with vibratUe cilia or contractile filaments ; the body usually 
composed of three distinct layers. 

a. Ciiiata. — Ex., Paramoecium, Epistylis. 

A Suctoria. — Ex., Acineta. 

It Flagdlata. — Ex., Peranema. 
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SUB-KINGDOM II. CCE LENTERAT A. 
CHAPTER IV. 

x. Characters of the Sub-Kingdom. 2. Divisions. 

3. General Characters of the Hydrozoa. 

4. Explanation of Technical Terms. 

In the sub-kingdom Caelenterata are included the sea-anem- 
ones, corals, sea-jellies, sea-firs, and other allied animals, and 
the whole division may be looked upon as forming the most 
typical section of the animals formerly called by Cuvier Radiata. 
In addition, however, to the above-mentioned animals, Cuyi$r 
included in his Radiata all the members of the mod^gl^- 
kingdom Protozoa, , together with the sea-mats or lowest* ^kss 
of the Mollusca , and the sea-urchins, star-fishes, wheel-animal- 
cules, internal parasites, and others which are now placed in a 
separate sub-kingdom by themselves (. Annuloida ). The old 
Radiata , therefore, was an extremely heterogeneous assemblage, 
and there is no advantage to be derived from its employment 
even in works such as this present. The division Ccelenterata , , 
or “ hollow-entrailed ” animals (Gr. koilos , hollow ; and enteron , 
intestine), includes all those radiate animals which are more or 
tess closely allied to the sea-anemones on the one hand, and 
to the sea-firs on the other. Most of the Caelenterata come 
under the conveniently loose term o£*“ zoophytes,” or plant- 
animals, from the 'external resemblance which many of them 
show to plants. ^ 

The Caelenterata may be defined as animals whose alimentary 
canal communicates freely with the general cavity of the body 
("somatic cavity”). The body is essentially composed of two 
layers or membranes, an outer layer or “ ectoderm" and an inner 
layer or f< endoderm * No circulatory organs exist, and in most 
there are no traces of a nervous system. Peculiar stinging organs. 
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or “ thread-cells are Usually if not always present, and in most 
cases there ts a radiate or star-like arrangement of the organs, 
Tvhjfh is especially perceptible in thf tentacles, which are in most 
instances placed round the mouth. Distinct reproductive organs 
txist in all. ^ 

The leading feature which distinguishes the Ccelenterata, and 
the one from which the name of the sub-kingdom is derived, is 
the peculiar arrangement of the digestive system. In the Pro- 
tozoa, as we have seen, a mouth is only very rarely present, and 
in no case is there any definite internal cavity bounded by the 
walls of the body, to whidh the name of “body-cavity” or 
“ somatic cavity ” could be properly applied. In most of the 
higher animals, on the other hand, not only is a permanent 
mouth present, but the walls of the body enclose a distinct and 
permanent* chamber or body-cavity. Further, in most cases the 
mouth opens into an alimentary or digestive tube, which is 
always distinct from the body-tavity, and never opens into it, 
usually passing through it to open on the surface by another dis- 
tinct aperture (the anus). In most cases, therefore, the alimentary 
canal is a tube which communicates with the. outer world by 
two apertures — a mouth and an anus— but which simply passes 
through the body-cavity without in any way communicating 
with it. In the Ccelenterata the condition of parts is interme- 
diate in its arrangement. There is a distinct and permanent, 
mouth, and there is a distinct and permanent body-cavity, but 
the mouth opens into, and thus communicates freely with, the . 
body-cavity. In some cases the mouth opens straight into the 
general body-cavity, which then serves as a digestive cavity as 
well (fig. 1 1, a). In other cases there intervenes between the 
mouth and the body-cavity a short alimentary tube, which com- 
municates externally with the outer world through the mouth, 
and Ripens below by a wide aperture into the general cavity of 
the body (fig. 22). Ip no case is there a distinct intestinal 
tube which runs through the body-cavity and opens on the sur- 
face by a mouth at one end and an excretory aperture or anus . 
at the other. Another leading character* of the Ccelenterata is | 
the composition of the body out of two fundamental membranes 
(fig. ii, a), which are usually of a very simple structure, .hut . 
which may be more or less complicated by the development of 
muscular fibres and other tissues. The outer of these layers or 
meftibranes is known as the “ectoderm," and it forms the whole 
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of the outer surface of the body, terminating at the margins of 
the mouth. The inner layer is known as the“endSderm,” and 
it lines the whole of the inferior of the body, being prolonged 
into the tubular tentacles round the mouth. Both of these 
membranes, but especially the endoderm, are usually more or 
less ricnly furnished with vibrating cilia. The peculiar micro- 
scopic organs called “ thread-cells," “ nettle-cells," or “ cnidae,” 
which communicate to many of the Ccelenterata (such as the 
sea-jellies) their peculiar power of stinging, are structures found 
in the integument of almost all the members of this sub- 
kingdom, and sometimes in internal parts as well. They are 
very beautiful objects of microscopical examination, and differ 
very considerably in the details of their structure. They are, 
however, in most respects essentially the same as in the common 
Hydra or fresh-water polype, in which the thread-cells (fig. n, 
d) are “oval elastic sacs, containing a long coiled filament, 
barbed at its base and serratdd along its edges. When fully 
developed the sacs are tensely filled with fluid, and the slightest 
touch is sufficient to cause the retroversion of the filament, 
which then projects beyond the sac for a distance, which is not 
uncommonly equal to many times the length of the latter" 
(Huxley). 

In accordance with the above-mentioned differences in the 
arrangement of the digestive system, the Ccelenterata are divided 
into two 'great classes, termed respectively the Hydrozoa and 
the Actinozoa. In the Hydrozoa , there is no body-cavity dis- 
tinct from thfc digestive cavity — or, in other words, the body- 
cavity is the digestive cavity. In the Actinozoa, on the other 
ti&hd, there is, a djstinct digestive cavity, but this opens directly 
into the generiS. body-cavity, so that the two form distinct but 
fr*dy commumcating divisions of the same chamber. 

Class I. Hydrozoa. 

The Hydrozoa ate defined as Ccelenierata in which the walls 
of the digestive sac are not separated from those of the general 
cavity of the body , thi two coinciding with one another. The 
reproductive organs are external, in the form of outward pro- 
cesses of the body-wall (fig. 1 1, a b). 

The Hydrozoa are all aquatic in their habits, and, with the 
exception of tw d genera, all are inhabitants of salt water. The 
class includes both simple and composite organisms, of wltich 
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the most familiar art the sea- firs ahd their allies* (hydroid 
zoophytes), the fresh-water polype or Hydra, the sea-jellies 
{M^ius<e), and the Portuguese maif-of-war (Pkysalia). Owing 
to the extremely complicated nature of many of the Hydrozoa, it 
appears advisable to preface their description by an explanation 
of some of the more important terms which are employed in 
connection with various members of the class. 

General Terminology of the Hydrozoa. 

Individual \ — In order to understand fully the meaning which 
is attitafted to the term “ individual ” in zoological language, 
it is necessary to glance briefly at the general features of re- 
production as displayed in different sections of the animal 
kingdom. s Reproduction is the process by means of which new 
individuals are produced and the perpetuation of the species 
insured. This end may be attained in various ways, but these 
all come under the two head^of “ sexual ” and " non-sexual ” 
reproduction. In sexual reproduction, by which alone can 
fresh beings be produced amongst the higher animals, the essen- 
tial element of the process consists in the formation of two 
distinct structures, a germ-cell or ovum, and a sperm-cell or 
spermatozoid. By the union of these distinct reproductive 
elements fresh beings can be produced. As a general rule, 
the germ-cell is produced by one individual (female), and the 
sperm-cell by another (male) ; but amongst the lower animals 
it is not uncommon for the same individual to produce both of 
these elements, in which case the Individual is said to t be 
44 hermaphrodite.” Amongst the lower animals, however, fresh 
beings may be produced without the contact of a sperm-cell 
and an ovum, — that is to say, without any genuine act of 
reproduction. The processes by which this chn be effected 
in different animals vary considerably, but they are all spoken 
of as forms of u non-sqjcual ” reproduction. The only varieties, 
however, of the process which require consideration, are those 
in which fresh beings are produced by what is called M gem- 
mation ” or 44 fission.” ° 

Gemmation (Lat. gemma, a bud) consists in the production 
of a bud or buds, usually from the outside, but sometimes 
from the inside, of an animal ; which buds J>ecome developed 
into more or less completely independent beings. The fresh 
brings thus produced by budding are all known as zooids, and 
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are not spoken of as distinct animals for reasons which will be 
immediately evident When the zodids produced %y budding 
remain permanently attached to one another and to the pa#ent 
organism which produced them, the case is said to be one of 
<f continuous ” gemmation, and the ultimate result of this is 
to proouce a colony or composite structure, composed of a 
number of similar and partially independent beings* all pro- 
duced by budding, but all remaining in organic connection. 
This is seen very well in the spoifges, in the compound Fora - 
mini/era , and in a great number of the Hydrozoa. When, on 
the other hand, the zodids produced by budding become finally 
detached from the parent organism, we have a case of what is 
called M discontinuous ” gemmation. In this case, the detached 
zodids become completely independent] beings ; anjl they are 
often wholly unlike the original zodid in structure and in 
habits, so much so that they have in various cases been de- 
scribed as altogether distinct anhnals. Discontinuous gemma- 
tion is very well seen in many of the Hydrozoa , and in them 
the case is still further complicated by the coexistence of dis- 
continuous gemmation with the continuous form of the process. 
Thus, it is not an uncommon thing amongst the Hydrozoa 
to find a composite organism or colony produced from a prim- 
ordial zodid by continuous gemmation, and having at the same 
time the power of giving rise to detached and completely inde- 
pendent beings by a process of discontinuous gemmation. 

In what is called “fission” (Lat .Jindo, I cleave), exactly the 
same results are attained as in gemmation, but in a slightly 
different manner. In gemmation the new beings are produced 
by means of buds thrown out by a primitive zodid. In fission 
the new beings are produced by a cleavage or division of a 
primitive zodid into two or nfore parts, each of which becomes 
finally developed into a new and more or less completely inde- 
pendent being. In fission, as in gemmation, the new beings or 
zodids may remain^, permanently in connection with one an- 
other, when the process is a continuous one, and a compo- 
site organism is produced, as in many corals. Or, . in other 
cases, the new zodids produced by fission are detached to lead 
an independent existence, as in some of the /%'drozoa, the pro- 
cess thus bpcoming a discontinuous one. 

We are now able to understand what is meant, in strict 
zoological language, by the term " individual,” as applied a to 
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animals. Zoologically speaking, an individual is defined as 
** equal to the total result of the development of a single ovum” | 
In the higher animals there is no am of difficulty about this, 
for each ovum gives rise to no more than one single animal, 
which cannot produce fresh beings in any other way than by 
producing another ovum. In this case, therefore, each a'nimal 
is an individual. In the lower animals, however, the being 
produced by an ovum has often the power of giving rise to 
fresh beings by a process of gemmation or fission, and these 
beings may either remain attached to one another so as to 
form a colony, or may become detached to lead independent 
lives. In either case, the term " individual ” can only be pro- 
perly applied to the whole assemblage of beings produced in this 
way, however much they may differ from one another in appear- 
ance, structure, or mode of life. In these cases, therefore, the 
individual may be f frstly, a single independent being — as, for 
instance, an Amceta, or an Infusorian such as Paramoecium ; 
secondly , a colony or composite organism composed of a num- 
ber of more or less nearly similar beings or zooids, produced 
by budding from a primitive zooid — as, for instance, a sponge, 
or such an Infusorian as Epistylis ; and thirdly , an assemblage 
of zodids produced by budding or fission from a primitive 
being, but not necessarily remaining connected with one an- 
other or exhibiting any common features of likeness, as we 
shall see is the case in many of the Hydrozoa . Lastly, cases 
may occur in which the individual consists partly of similar 
zooids which remain permanently connected with one another, 
and partly of dissimilar zoojds which are detached to lead an 
independent life, all alike being the result of the development 
of a single ovum. 

Zooid. — The term “ zooid ” is indifferently applied to all the # 
more^or less completely independent beings which are produced 
by budding, or by cleavage from a primitive organism. It does 
not matter, therefore, for ‘the purposes of this definition, whether 
these beings remain permanently attached to*the original organ- 
ism, or whether they are finally separated to enjoy an indepen- 
dent existence. 

Hydrosoma . — The term “ hydrosoma” is one which is very 
conveniently applied to the entire organism in any Hydrozoon 9 
whether this be simple, or whether it be composite and made 
up oi a number of connected zooids. 
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Polypite . — That portion of any Hydrozobn which is concerned 
with the process of digestion, or, in other words, the*' alimentary 
region,” is termed the “polypite” — the more generally current 
term of “ polype ” being now restricted in meaning to the same 
region in the higher Ccelenterata (. Actinozoa ). In such of the 
Hydr9itoa as the fresh -water polype or Hydra, in which the hydro- 
soma is simple, the whole organism is termed a polypite ; but 
the term is more generally employed to indicate the nutritive 
zotiids of any compound Hydrozoon. 

Ccenosarc. — The term “ coenosarc ”(Gr. koinos , common ; sarx, 
flesh) is employed to designate the common trunk or flesh by 
which the separate polypites of any compound Hydrozoon are 
united into a single organic whole. 

Distal and proximal . — These are terms applied to different 
extremities of the hydrosoma. It is found that orle extremity 
grows more quickly than the other, and to this free-growing end 
— at which the mouth is usually situated — the term “ distal ” 
is applied. To the more slowly-growing end of the hydrosoma 
the term “ proximal” is applied. When the Hydrozoon is fixed 
to any solid object, it is by the proximal end that attachment 
is effected; but in such forms as are permanently free this mode 
of distinction is inapplicable. The terms may be used either in 
reference to a single polypite in the compound Hydrozoa, or as 
regards the entire hydrosoma, whether this be simple or com- 
pound. 

Polypary . — The term “ polypary ” or “ polypidom ” is applied 
to the horny or chitinous outer covering or envelope with which 
. many of the tlydrozoa are furnished. These terms have also 
been not uncommonly employed to designate the very similar 
structures produced by the much more highly organised sea- 
mats and their allies ( Polyzoa ), but it is better to restrict their 
use entirely to the Hydrozoa. 
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CHAPTER V. 

DIVISIONS OF THE HYDROZOA. 

The Hydrozoa are divided into four great divisions, each of 
which requires some notice, as presenting points of special in- 
terest These divisions or sub-classes are known by the names 
of Hydroida, Siphonophora , Discophora, and Lucernarida . 

SUB - CLASS HYDROIDA. 

This sub-class comprises all the sea-firs and their allies, com- 
monly known to naturalists as the " Hydroid zoophytes,” from 
their resemblance to the fresh-water polype {Hydra), which is 
also a member of this division. The Hydroida are defined by j 
the fact that they consist of an alimentary region or " polypite ," t 
which is furnished with a mouth and prehensile tentacles at its ; 
distal end, and with an adherent disc or “ hydrorhiza" at its f 
proximal extremity . In some few cases the hydrosoma con- 
sists of but one such polypite (as in the Hydrida and some of 
the Corynida) ; but generally the hydrosoma is composed of a 
greater or less number of similar polypites all united by a 
coenosarc or common trunk (as in the majority of the Corynida, 
and in the Sertularida and Campanularida). In the great • 
majority of cases, also, the hyd^osoma is not unattached, but is 
fixed to some solid objecj by "its proximal extremity or hydro- 
rhiza. The Hydroid zoophytes exhibit three principal types of 
structure, which constitute so majiy orders. 

Order I. Hydrida. — In the first order we have only the 
well-known fresh-vteter polypes or Hydra, df which we may 
take the common green Hydra (//. viridis) Tls the type. This 
singular little creature may be found with a little trouble in 
most W our streams and pools, and it is quite visible to the 

E 
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naked eye, though it can only be satisfactorily examined by the 
help of the microscope. When uncontracted, the 1 body of the 
Hydra is in the form of a* cylindrical tube (fig. n, a, S) i 4 com- 
posed of the two fundamental layers, the ectoderm and en- 
dodemi, of which the former contains many thread-cells, and 
is likewise furnished with numerous green granules, stated to 
be identical with " chlorophyll,” or the green colouring-matter 
of plants. At the base or proximal extremity of the cylindrical 
body is a kind of disc-shaped sucker or hydrorhiza, by means 
of which the animal can attach itself at will to any foreign body. 
Its favourite position appears to be that of hanging head-down- 
wards, suspended from the stem of some water-plant. It is not, 
however, permanently, fixed, but it can detach itself and change 
its place at will. At the opposite or distal extremity of the body 
is placed the aperture of the mouth, surrounded By a circle of 
from five to fifteen small tubular filaments, which are termed 



Fig. xz. — Morphology of Hydroxoa. a Diagrammatic section of Hydra ; the dark 
line is the ectoderm, the fine line and dear space adjacent indicate the endoderm. 
b Hydra viridis , showing a single oVum contained in the body -waif near the 
proximal extremity, and two conical elevations containing sperm-cells gear the 
bases of the tentacles, c Hydra vulgaris , tful} an undetached bud— enlarged. 
d Thread-cell of line Hydra , greatly magnified. 

the " tentacles” (fig. 1 1, b). Each tentacle consists of a tubular 
prolongation of both ectoderm and endoderm, and encloses a 
canal which opens at its base into the generul cavity of the body. 
The ectoderm of the tentacles is richly furnished with thread- 
cells, and they are also well supplied with muscular fibres. 
They exhibit the most extraordinary contractility, being capable 
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of retraction dill they appear as nothing more than so many little 
warts or tubercles, and of being extended to a length which is 
in sofhe species many times longer than the body itself. (In 
Hydra fusca the tentacles can be protruded to a length of 
more than eight inches.) The tentacles are the organs by means 
of which the Hydra obtains its food, consisting chiefly of minute 
aquatic organisms, such as small worms, insects, Crustacea and 
Rotifera . These are seized by the tentacles and gradually 
drawn into the mouth ; but in addition to this merely mechan- 
ical action, the tentacles appear to exercise a benumbing or 
even fatal influence upon the animals grasped by them, — this 
being apparently due to the thread-cells with which they are 
furnished. The mouth in the Hydra opens directly into a capa- 
cious cylindrical cavity, which is excavated along the whole 
length of the body, and which is both the body-cavity and the 
stomach in one. This cavity (figi i a , 6) is filled with water 
derived from the exterior, and also with the nutritive particles 
derived from the food. Indigestible fragments appear to be 
rejected by the mouth, though an anal aperture has been as- 
serted to be present. There are no internal organs of any kind. 
Physiologically, therefore, the Hydra presents little advance upon 
the higher Protozoa , such as the Infusoria . There is a per- 
manent mouth, surrounded by permanent and special organs 
adapted for the seizure of food. There is also a permanent in- 
ternal cavity for the reception and digestion of the food, but this 
is not shut off from the general cavity of the body. There is no 
organ for the propulsion of the nutritive fluid through the body, 
no nervous system or organs of sense, and no special respiratory 
or excretory organs. Another and striking proof of the essen- 
tially low position of the Hydra in the animal scale is to be 
found in^its extraordinary capacity of resisting mutilation, or, in 
fact, mechanical -injury of any kind short of absolute annihila- 
tion. The briefest illustration of this fact Ms alj that can here 
be given, but with that the name of Trembley of Geneva must 
be associated. This well-known observer, in a long series of 
experiments, most of which have been successfully repeated by 
subsequent naturalists, discovered that the Hydra could be 
mechanically divided* with a knife into any number of frag- 
ments, with the sole result that each and all of these possessed 
the povgsr of developing themselves into fresh and independent 
polypites. Further, the animal could even be turned inside (Tut? 
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with a necessary transposition of the ectoderm acid endoderm, 
without any apparent inconvenience or interference with its 
health. 

, Reproduction in the Hydra is effected non-sexually by gem- 
mation, and sexually by the production of ova and sperm-cells; 
the former process being followed in summer and the latter in 
autumn, few individuals appearing to survive the winter. In 
the first or non-sexual method, the Hydra throws out one or 
more buds, usually from near the fixed or proximal extremity 
(fig. if, c). These buds at first consist simply of a tubular pro- 
longation of the ectoderm and endoderm, enclosing a cavity 
which communicates with the general cavity of the body. A 
new mouth and tentacles are soon developed at the distal end 
of this bud,’ and after longer or shorter period the new Hydra , 
thus produced, is dWaached to lead an independent life. Each 
Hydra can produce many such buds during the summer season, 
and the liberated buds can also repeat the same process, so that 
in this, way reproduction is rapidly carried on. In the second 
or sexual method of reproduction, ova and sperm-cells are pro- 
duced towards the winter in external processes of the body-wall. 
The spermatozoa are developed in little conical elevations, 
which are produced near the bases of the tentacles ; and the ova 
are formed in mu^h larger elevations, of which there is ordi- 
narily but one, placed nearer to the fixed or proximal extremity 
of the animal (fig. n, b). When mature, the ovum is fertilised 
by the sperm-cells, both being set free into the water by the 
rupture of the body-wall. The embryo Hydra is at first cov- 
ered with vibrating cilia, and swims freely about, until it meets 
with a suitable locality. It then fixes itself by one extremity, 
the cilia drop off, and a mouth and tentacles are developed at 
the distal end of the body. 

Order II. Corynida. — In the S&ond order of the Hydroid 
zoophytes, known as the Corynida or Tubular ida, we have a 
number of organisms which in their essential structure are 
closely related to the Hydra % but which differ considerably in 
the nature of the reproductive process. AJil of them are marine, 
with the single exception of the genus Cordylophora> which in- 
habits fresh water. Some of the members of the order are 
simple, consisting of no more than a single polypite. In these 
oases there is an exceedingly close approach to the structure of 
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the common Hydra , but the polypite is permanently-fixed with- 
out the pow* of voluntarily changing its place, whilst the re- 
productive process is considerably different. In the majority of 
the corynida, however, the hydrosoma is compound, consisting 
of a greater or less number of separate polypites or zodijjs, all 
connected with one another by a common flesh or coenosarc, 
and all forming parts of a plant-like rooted colony. In some of 
the Corynida the polypites are naked, but in most cases the 
coenosarc is protected by a horny-looking chitinous * envelope 
or “ polypary,” as in Tubularia indtvisa (fig. 12). In no case, 
however, is this horny covering so 
prolonged as to form little cups in 
which each polypite is contained. 

It always stops short at the bases of 
the polypites, and in this way the 
Corynida can always be distinguish- 
ed from their near allies, the sea-firs 
(1 Sertularida ). 

As a good example of the Cory- 
nida, the common pipe - coralline 
( Tubularia indivisa) maybe taken. 

In this animal (fig. 12) we have a 
gregarious zoophyte consisting of 
numerous clustered horny tubes, 
fixed by their bases to shells or 
stones, and inhabiting most of our 
British seas. The tubes are usually 
unbranched, though often consid- 
erably interwoven together. Each 
tube is filled with a soft, semi-fluid, 
reddish coenosarc, and gives exit at 
its distal extremity to a jingle poly- 
pite. The polypites are bright red in 
colour, and are not retractile within 
their tubes, the horny polypary extending* only to their bases. 
The polypites are somewhat conical in shape, the mouth being 
placed at the apex of the cone, and they are furnished with two 
sets of tentacles. One set consists of numerous short tentacles 

* Chitins is a substance which is nearly allied to horn, but is distinguished from it 
by the^act that it is not soluble in caustic potash. 



Fig. 12. — Fragment of Tubularia 
indixfUa, natural size. 
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placed directly round the mouth, the mother is composed of 
from thirty to forty tentacula of much greater ISngth arising 
from the polypite about itS middle of near its base. Near the 
insertion of these* tentacles the generative buds are produced 

S t seasons. In Eudendrium (the branched pipe-coral- 
essential structure is much the same as in Tubularia f 
hydrosoma is now truly compound, consisting of a 
number of non-retractile reddish polypites, united by a coeno- 
sarc, which is furnished with a horny polypary, the whole 
colony assuming a singularly close resemblance to a plant In 
Cordylophora — the only fresh-water member of the order — we 
find also a branched composite hydrosoma carrying numerous 
polypites, and having the coenosarc defended by a homy sheath 
(fig. 13, a % b). In Coryomorpha* finally, we have a type of the 



Fig. 13.— a Fragment of Cordylophora lacuslris , slightly enlarged ; h Fragment of 
the same, considerably enlarged, showing a polypite and three gonophores in 
different stages of growth ; c Portion of Syncorynt Sarsii, with medusiform zoOids 
budding between the tentacles. 

Coryntda % in whic’h the hydrosoma consists of no more 'than a 
single, polypite, and there is no poljpary. It is about four 
inches in lengthy and is fixed by filamentous roots to the bot- 
tom of the sea. It consists of a single whitish polypite, striped 
with pink, and terminating upwards in a pear-shaped head, 
furnished with two sets of tentacles, the shortest of which form a 
circlet round the mouth. When young, thcfcbody of the animal 
is enclosed in a thin membranous tube, , which seems to be 
wholly without organic connection'with the animal itself, and 
•which is wanting in fully-grown specimens. 
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As regard^ the generative process in the Coryntda, it may be 
as well to consider the general phenomena of reproduction as 
carried on by all the Hydroid zoophytes, the general characters 
of the process being of a most remarkable nature. As has 
been already explained, the individual in the case of the com- 
pound Hydrozoa consists of an aggregation or colony o^jMyrti- 
ally independent beings or zodids, produced by gemmancSr qr 
fission from a primordial organism. This is the case in all com- 
posite animals, such as sponges, sea-mats, corals, and many 
others. In many of the compound Hydrozoq, however, the case 
becomes still further complicated. In many of these organisms, 
namely, the zooids differ very much from one another both in 
structure and in function. One set of zodids is entirely devoted 
to the duty # of providing food for the colony, and in these no 
reproductive organs are ever developed. These nutritive 
zooids are all like each other in form — or are 41 homomorphic,” 
(Gr. homos , same ; and morphe , shape) — and the whole assem- 
blage of them has been appropriately termed the " trophosome ” 
(Allman), from the Greek trepho, I nourish; and soma,. body. 
The colony or trophosome thus formed by the nutritive zodids 
can go on increasing by the production of fresh zodids for an 
almost indefinite period ; but in all cases there ultimately comes 
a time when it becomes necessary to produce the essential ele- 
ments of reproduction in order to secure the perpetuation of 
the species. The nutritive zodids, as just stated, cannot pro- 
duce the ova and sperm-cells, being destitute of reproductive 
organs, and the colony is therefore compelled to produce a 
second set of buds, which have the power of producing the essen- 
tial elements of reproduction. These buds are collectively 
called the “ gonosome ” (Gr. gonos , offspring ; and soma , body). 
The generative buds have the further peculiarity that not only 4 
can tlfey produce the generative elements, but they are alto- 
gether unlike the nutriti*^ zodids in appearance, or, in* other 
words, they are u heteromorphic ” (Gr. heteros ; diverse; and 
morphe, shape). This "difference in external appearance and in 
structure is sometimes so great as to lead to a most remarkable 
series of phenomena. In the simplest form in which these? 
generative buds or * gonophores ” appear, they have the form of 
mere protuberances of the ectoderm and endoderm (fig 14, a)i [ 
enclosing a cavity deiritvedTrom the body-cavity. In these buds 
the gfinerative eiements-f-ova and spermatozoa — are* developed 
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13* fy' other instances, the generative buds have a more 
implicated structure. They consist now (fig. 14,%) of _&J>eU- 
j^aped disc, which is attached by its base to the parent o|gan- 
ism, and has its cavity turned outwards (see also fig. 13, c). 
Fromthe roof of this disc there is suspended a kind of handle, 
which corresponds to the clapper of the bell, and is termed the 
“manubrium” (Lat. for handle). From the fixed or proxi- 
mal extremity of the central process or manubrium proceed 



Fig. 14. — Generative buds or gonophores of the Hydroxoa diagrammatically repre- 
sented. a Simple gonophore, consisting merely of a protuberance of the ectoderm 
and endoderm ; c Gonophore which has the structure of a Medusa (medusoid), but 
is. not detached ; d Free medusiform gonophore. 

four canals, which extend to the margin of the bell, where 
they all open into a circular canal surrounding the mouth 
of the bell. This bell-shaped reproductive bud may attain no 
higher development than this, and may remain permanently 
attached to the parent organism from which it is produced. 
In other cases, however, a higher state of development is 
reached (fig. 14, d). The generative bud or gonophore 
becomes detached from its parent colony; the manubrium 
or central process develops a mouth at its free or distal 
* extremity ; the mouth of the bell becomes partially closed 
by an inward prolongation or shelf, called the “ veil f* and 
a series of tentacles are developed «from its margin. The 
generative bud, <£hus liberated, leads a wholly independent 
existence. The manubrium, having developed a mouth, as- 
sumes the functions* of a true polypite, and its cavity acts as a 
digestive sac* The whole organism swims about freely, and 
has the power of assimilating food, and thus of attaining to a 
comparatively gigantic size. This independent existence, how- 
ever, only goes on till such time as the elements of reproduc- 
tion can be produced. The ova and sperm-cells are developed 





59 


DIVISIONS OF 7«HE HYDRO^pA. 

in specialised portions of this generative bud, and then it ceases 
to exist. Hie ova, however, when fertilised, do not develop 
themselves into the free-swimming bell-shaped organisms in 
which they were actually produced, but into the plant-like, 
rooted, and compound zoophyte, from which the generative 
buds were originally given forth. These free-swimming bell- 
shaped reproductive buds or gonophores, as we shall see, are 
identical structurally with the smaller forms of the so-called 
sea-jellies or Medusa j and it is now known that most if not 
all of these Medusa , though originally described as distinct 
beings, are really nothing more than the free generative buds 
of the fixed Hydrozoa . We have here, then, an instance of 
what has been not quite appropriately called “ alternation of 
generations.” We have a compound fixed animal, in many 
respects comparable to a plant, producing a special series of 
buds which are devoted to the process of reproduction. These 
buds are cast off as independent beings to lead an independent 
life, and they are furnished with the necessary organs to preserve 
their existence till they are able to mature the reproductive ele- 
ments. When once able to consummate this, they die ; but the 
young to which they give origin are wholly unlike themselves. 
The young, namely, instead of being free-swimming “ medusi- 
form” beings, become developed into the fixed plant-like colony 
from which the generative buds were originally produced. 
The term ‘‘alternation of generations” is not an altogether 
good one, and does not quite express the facts of the case. 
There is not any alternation of generations, but there is an 
alternation of generation with gemmation or budding. The 
only true generative act takes place in the reproductive zo5id or 
gonophore, in which the ova and sperm-cells are developed. 
The production of this gonophore from the parent organism 
(trophosome). is a process, not of generation, but of gemmation 
or budding. The who^e process, therefore, is, properly speak- 
ing, not an “ alternation'of generations,” bitf an alternation of 
generation with gemmation. 

To recapitulate, then, — the process of reproduction in the 
Hydroid zoophytes is carried on by means of reproductive 
buds or gonophores, which are produced at special seasons, 
and in which the reproductive elements are developed. These 
generative buds differ a good deal in their character, but three 
chiSf kinds may be distinguished : i. Simple closed sacs or 
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protuberances formed out of both ectoderm and endoderm,’ 
a&d having the special elements of generation cfeveloped in 
their interior. 2. Bell-shaped buds, attached to the parent 
colony by their bases, and having a central process or manu- 
brium, which is furnished with a mouth and central cavity, 
from which there is given off a system of canals to ramify in 
the substance of the disc. The reproductive elements are 
developed either in the walls of these canals or between the 
ectoderm and endoderm of the manubrium. From the resem- 
blance of these buds in anatomical structure to the so-called 
sea-jellies or Medusce , they are usually spoken of as “ medusi- 
form gonophores,” or simply as " medusoids.” In this form, 
however, though highly organised, the buds never become de- 
tached from the parent colony. 3. Buds which become devel- 
oped into bell- shaped medusiform bodies exactly similar in 
structure to the last, but detached to lead an independent 
existence. These free-swimmfhg medusiform gonophores are 
anatomically indistinguishable from ordinary Medusce j and it 
is now known that most, if not all, of the so-called “ naked- 
eyed ” Medusce \ are really the detached generative bu$B of 
other orders of Hydrozoa . The special elements of reproduc- 
tion are developed in these detached buds, but the resulting 
embryos are not developed into Medusa % such as produced the 
ova and sperm-cells, but straightway grow up into the plant- 
like sexless colony, from which the medusiform gonophores 
were originally budded forth. In these cases, therefore, the 
individual Hydroid consists of a fixed, rooted colony or tro- 
phosome, producing fresh zooids by a process of budding, but 
incapable of producing the essential elements of reproduction; 
together with a free and independent series of generative buds 
pr gonosome, in which the elements of reproduction are devel- 
oped. 

r r 

Order III. Sertularida. — In this order of the Hydroida 
we have the most familiar and best known of ail our zoophytes 
— namely, the 3$|rfirj and their allies. The homy plant-like 
polyparies of the Sertularida are familiar to every visitor at the 
sea-side, and by those unacquainted with their true nature they 
are almost universally set down as sea-weeds. The Sertularida 
are very closely allied to the compound forms of the Corynida v 
resembling them in being rooted, plant-dike colonies, comprised 
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of a number of similar polypites or zotiids, produced, by budding 
from a primitive zooid. As in the Tubularians amongst the 
Corynida, the whole coenosarc is erfveloped in a horny or chiti- 
nous envelope or polypary (fig. 15, a), and this is the structure 



Fig. 15 . — a Sertularia ( Diphasic t) pinnata , natural size ; & Fragment of the same 
enlarged, carrying a male capsule (<?), and showing the hydrothecse ( h ) ; 6 Frag- 
ment of Campanula ria neglecta (after Hincks), showing the polypites contained 
in their hydrothecae (A), and also the point at which the coenosarc communicates 
with the stomach of the polypite (c). 


which is most familiarly known to sea-side observers. The 
Sertularida, however, are distinguished from the Corynida by 
two points. Firstly, none of the Sertutarida are simple, but 
are all compound, consisting of more or less numerous poly- 
pites, united by a branched coenosarc. Secondly, the polypary* 
of th% Sertularida differs from that of the Corynida in not 
simply reaching to the leases of the polypites, but in being pro- 
longed to form a number of little cups or ‘ < # hydrothecae ,, (fig. 
15. &) within which the polypites are lodged. Each polypite 

has a hydrotheca of its own, within whictt it can entirely with- 
draw, and from which it can protrude its distal extremity. 

The polypites of the Sertutarida have essentially the same 
structure as in the Corynida , and each may be compared to a 
little Hydra* Each, namely, consists of a soft contractile and 
extensile body, which is furnished at its distal extremity with a 



62 INVERTEBRATE ANIMALS. 

mouth and a circlet of prehensile tentacles, richly furnished with 
thread-cells. The mouth opens into a chamber 4 &hich occu- 
pies the whole length of the polypite, and which is to re- 
garded as the combined body-cavity and digestive sac. At its 
lower end this chamber opens by a constricted aperture into a 
tubular cavity, which is everywhere excavated in the substance 
of the ccenosarc (fig. 15, b). The nutrient particles obtained by 
each polypite thus serve for the support of the entire colony, 
and are distributed throughout the entire organism. The nutri- 
tive fluid prepared in the interior of each polypite gains access 
through the above-mentioned aperture to the cavity of the coeno- 
sarc; which, by the combined exertions of the whole assemblage 
of polypites, thus becomes filled with a granular nutritive liquid. 
This coenosafcal fluid is in constant movement, circulating 
through all parts of the colony, and thus maintaining its vitality 
— the cause of the movement being probably due, in part, at any 
rate, to the existence of vibrating cilia. 

The process of reproduction varies somewhat in different 
members of the order. In all alike, however, the ordinary 
polypites are incapable of producing the essential elements of 
reproduction, and for this purpose special generative buds have 
to be developed. In the typical Sertularians the reproductive 
buds are developed at certain seasons in great numbers, and 
they constitute what used to be called the " ovarian vesicles” or 
u capsules” These reproductive buds are enclosed in horny 
cups or receptacles, often of avery beautiful shape, and much 
larger in size than the ordinary hydrothecae (fig. 15, a , d) m 
Each bud may be compared to a polypite destitute of a mouth 
and tentacles, being composed of a protuberance of the ectoderm 
and cindoderm, containing a prolongation from the general 
cavity of the coenosarc. The essential elements of reproduction 
are developed between the ectoderm and endoderm of the bud, 
and the resulting embryo is finally liberated as a little oval body 
covered with cili^, with which it swims freely about, until it 
meets with a suitable locality, when it fixes itself, loses its cilia, 
and by budding sochi develops another colony. As a general 
rule, each capsule in the Sertulartda contains a number of the 
reproductive buds, which are all borne upon a central axis 
(“ blastostyle") which runs up the middle of the capsule, and 
is derived from the ccenosarc. 

In one division of this group— often described as a separate 
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order, undej the name of Campanularida — some points of dif- 
ference are observable. In the typical Sertularians the little 
cups or hydrothecas for the polypites are placed on the sides of 
the branches, and they are not stalked (fig. 15, d\ whilst the 
reproductive elements are produced in fixed buds. In the 
Campanularida , on the other hand (fig. 15, b\ the hydrothecas 
are supported upon stalks, and are placed at the ends of the 
branches, whilst the generative buds are usually detached to 
lead an independent existence. In these forms the reproductive 
zodids or gonophores start as simple buds ; but they become 
gradually developed into free-swimming medusoids, such as 
have been before alluded to. Each medusoid consists of a 
little transparent glassy bell, from the under surface of which 
there is suspended a modified polypite, in the form of a manu- 
brium (fig. 18). The whole organism swims gaily through the 
water, propelled by the contractions of the bell or disc ; and no 
one would suspect now that it* was in any way related to the 
fixed plant-like zoophyte from which it was originally budded 
off. The central polypite is furnished with a mouth at its dis- 
tal end, and the mouth opens into a digestive sac. From the 
proximal end of this stomach proceed four radiating canals 
which extend to the margins of the bell, where they all open 
into a circular vessel which runs round the mouth of the bell. 
From the circumference of the bell hang also a number of 
delicate extensile filaments or tentacles ; and the margin is 
further adorned with a series of brightly-coloured spots, which 
are probably rudimentary organs of vision and hearing. The 
mouth of the bell is partially closed by a delicate transparent 
membrane or shelf, the so-called “veil.” Thus constituted, 
these beautiful little beings lead an independent and locomotive 
existence for a longer or shorter period. Ultimately ova and 
spenn-cells are produced in special organs, which are developed 
in the course of the radiating canals of the disc. The resulting 
embryos are minute free-swimming bodiesj covered with cilia, 
which finally fix themselves, and develop into the plant-like 
colonies from which the medusoids were derived. 
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CHAPTER VI. 

SUB -CLASS SIPHONOPHORA. 

The animals included undrf the name of Siphonophora are often 
known as the “oceanic Hydrozoa,” as they are t^ot fixed like 
the Hydroid zoophytes, but are found swimming at the surface 
of the open ocean, far from land. They are all singularly delicate 
and beautiful organisms, but they require little notice'here. They 
are distinguished from the Hyciroid zoophytes, which we have 
been just considering, by the fact that the hydrosoma consists of 
numerous polypites, united by a common trunk or coenosarc, 
which is very rarely branched, and is never furnished with 
any hard outer covering or polypary, so that it remains perma- 
nently soft and flexible throughout life. The proximal end of 
the coenosarc, as already remarked, is not fixed, or capable of 
being fixed, to any solid object, but is variously modified to suit 
the requirements of the floating colony. As in the Hydroida , , 
the reproductive organs are in the form of special buds, which 
have the power of developing the essential elements of generation, 
and which are often detached as free-swimming medusoids. 

The entire sub-class is divided into two great groups or 
orders, and it will be sufficient to consider shortly a typical 
form of each. In the first order — that of the Calycophoriidee — 
the. coenosarc is thread-like; cylindrical, unbranched, and highly 
Contractile. The cavity of the coenosarc dilates proximally 
into a peculiar ciliated chamber, which is the distinguishing 
character of the order (fig. 16, 3 b). The name of Cafyfophoridce 
(Gr. kalux , a cup ; anti phero , I bear), is, however, derived from 
another circumstance — namely, that the proximal end of the 
coenosarc is always furnished with a series of ftell-shaped discs, 
which are known as “swimming -bells” or " nectocalyces.” 
Each nectocalyx consists of a bell- shaped cup (fig. 16, 2), at- 
tached by its base to the coenosarc, and having its cavity turned 
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'oufWardS. ’ In the substance of the disc run at least four canals, 
.which communicate with the cavity^of the ccenosarc, and pro- 
ceed to the margin of the bell, where they all open into a cir- 
cular vessel. The mouth of the bell is also furnished with 
a delicate ledge, which runs round its circumference, and is 
known as the “ veil." The structure, therefore, of the necto- 
calyces is very similar to that of an ordinary medusiform 



Fig. 16. — Morphology of Oceanic Hydrozoa. z. Diagram of the proximal end of a 
Physophorid; a Float : a. Vogtia pentacantha> one of the CalycophoruUe ; n 
Nectocalyces; p Polypites; / Tentacles : 3. Diagram of a Calycophorid; a a\ 
Nectocalyces ; b Proximal dilatation of the ccenosarc ; e Ccenosarc; d Bract; e 
Medusiform gonophore ; ./Polypite (after Huxley). 


gonophore, the chief difference being the absence in the former 
of the central polypite or manubrium. The nectocalyces are 
highly muscular, and have the power of alternately contracting 
and dilating, thus driving the whole organism through the 
water. In Vogtia (fig. affc 2), which may be taken as a good 
example, of the group, the nectocalyces (#) a?e succeeded by a 
group of polypites (p). Each polypite y s furnished with a 
mouth opening into a digestive sac, which in turn communi- 
cates with the cavity of the ccenosarc. In most instances, but 
not in Vogtia , each*polypite is protected by a kind of overarch- 
ing plate, which is termed a 41 bract.” The mouths of the poly- 
pites are not furnished with a circlet of tentacles, but each poly- 
pite Ras only a single tentacle developed from near its b^e. 
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tentacles are usually of a very great length, ^nd furnished 
with lateral branches, provided with numerous thread-cells. 
The reproductive organs of the Calycophoridce are in the dorm 
of medusiform gonophores, which are budded from the stalks 
of the polypites, and which are mostly detached to lead an inde- 
pendent existence. 

The second order of the oceanic Hydrozoa is that of the 
Physophoridce (Gr. physa , a bladder; and phero t I carry), of 
which the most familiar, though not the most typical, example 
is the Portuguese man-of-war, Physalia utriculus (fig. 17, a). 
The Physophoridce are distinguished from the organisms which 
we have been just considering by the fact that the proximal 
extremity of the coenosarc is developed into a structure which is 
known as the "float” or “ pneumatophore." The flo^t contains a 
larger or smaller sac, composed of some elastic horny substance, 
probably chitine, often communicating with the exterior by one 
or more apettures, and always more or less completely filled with 
air. This sac is enclosed in a reflection of the ectoderm and 
endoderm, so that it is really outside the cavity of the coenosarc 
(fig. 16, a). The function of the float is no doubt that of en- 
abling flie organism to maintain its position at the surface of 
the sea. As in the Calycophoridce^ the coenosarc is always per- 
fectly flexible, contractile, and soft, and is never furnished with 
any chitinous covering or polypary. There may or may not 
be swimming-bells or nectocalyces, and the tentacles are very 
complicated in structure, and often attain a length of many feet. 
The polypites present no special points of interest, but are often 
furnished with the protective plates, which have been already 
spoken of as " bracts.” 

As a good example of the Physophoridce , the Portuguese 
man-of-war may be taken (fig. 17, a). It is composed of a 
large spindle-shaped float, often of several inches in length, 
upon the under surface of which ajre arranged a number of 
polypites, together with highly-contractile tentacles of great 
length, and reproductive organs. The tentacles are richly 
furnished with thread-cells ; and it has the power of stinging 
very severely. Physalia is commonly found floating at the 
surface of tropical and sub-tropical seas, imd fleets of it are 
occasionally driven upon our own shores. 

Another very beautiful member of the Physophoridce is the 
Velella vulgaris , which occurs abundantly in many Seas, aftid is 
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sometimes floated to oar own coasts. It is about two inches in 
length by on% and a half in height. The proximal end of the 
ccengsarc is greatly expanded and ‘flattened out into an oval 
disc, which carries a vertical triangular crest, running obliquely 
across its upper surface (fig. 17, &). The whole organism is 
semi-transparent and of a beautiful bluish colour, and it floats 
at the surface of the sea with the vertical crest exposed to the 



Fig. 17. — a Portuguese man-of-war (after Huxley); 
b Velella Vulgaris (after Gosse). 

influence of the wind, and thus officiating as a sail. From the 
under surface of the disc are suspended the Various appendages 
of the organism, consisting of a single large central polypite, a 
number of processes, like polypites in shape, and carrying 
medusiform gonophores; and lastly, a single series of ten- 
tacles which arise from the coenosarc quite independently of 
the polypites. 


F 
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CHAPTER VII. 

SUB- CLASS DISCOPHORA. 

The group of Hydrozoa here spoken of as Discophora or 
Midusida comprises most of the familiar organisms known to 
visitors at the sea-side as sea-jellies, jelly-fishes, or sea-nettles ; 
this last name being derived from the power possessed by some 
of them of stinging pretty severely in virtue of the possession of 
numerous thread-cells. Under the name, however, of sea-jellies 
are included a number of large organisms, extremely common 
at certain seasons in our seas, but now known to be properly 
referable to another group of the Hydrozoa (viz., Lucemarida ). 
It is tflbse large forms which alone possess any po^er of sting- 
ing man, and to these the term of “sea-nettles” ought properly 
to be restricted. They are better known under the flame of 
“hidden-eyed” Medusa, applied to them by the late Edward 
Forbes. Under the present group of the Discophora are in- 
cluded only a number of small jelly-fishes, found in great abund- 
ance at certain times, floating in the open sea, but nevertheless 
very little known to the general public in consequence of their 
very minute size. These delicate and diminutive organisms 
were originally described by Edward Forbes, for reasons to be 
immediately stated, as the u naked-eyed ” Medusa . It is now 
known, however, that most of these naked-eyed Meduses are in 
reality nothing more than the free-shimming generative buds, 
or medusiformt gonophores, produced by budding from so 
many of the other Hydrozoa , and then detached, as we have 
formerly seen, to l&ad an independent existence. That this is 
their tnie nature, is shown by the fact that the eggs which they 
produce, develop themselves, not into fresh Medusa , but into 
various other forms of Hydrozoa , which are fixed or oceanic. 
Under these circumstances, therefore, the naked-eyed Medusa 
which can be shown to be of this nature, cannot, of course, be 
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regarded as^listinct animals at all. Still, there remains a con- 
siderable group* of naked-eyed Medusa to which this explana- 
tion* has not hitherto been shown to apply. In most of the 
members of this group the course of development is quite un- 
known, and therefore their true nature is a matter of doubt. 
Two families, however, of this group are stated to produce eggs 
which develop directly into Medusa , such as those which gave 
origin to the eggs ; and if this observation is confirmed, these, 
at any rate, must be regarded as true Discophora . In the 
meanwhile, therefore, it is best to regard the group of the Dis- 
cophora or Medusida as of a questionable nature, and as in- 
cluding forms which may ultimately be shown to be nothing 
more than the detached zooids of other Hydrozoa. Under 
these circuiqstancesltwill not be requisite to do more than very 
briefly to describe the anatomical structure of a typical Medusid; 
and this is the less necessary, since it will be seen at once that 
the structure is in all essential respects identical with what has 
been already described in speaking of the free medusiform 
gonophores of the Hydroid zoophytes. 



Fig. 18. — Morphology of Medusida. a Medusid ( Tkaumantias) seen in profile, 
showing the central polypite, the radiating and circular canals of the disc, the 
repnftuctive organs borne in the course of the former, the marginal bodies and 
tentacles ; 6 The same, viewecLfrom below. The dotted line indicates the mar- 
gin of the “veiL" '' 


In all the naked-eyed Medusa, of which \ Thaumantias (fig. 
18) may be taken as a good example, the general structure is 
briefly as follows : The hydrosoma is perfectly free and is 
oceanic, being found* swimming near the surface in the open 
ocean. The body is composed of a thick, transparent, gelatin- 
ous disc or swimming-bell (the nectocalyx), by the pulsations 
of which the animal is driven through die water. From the 
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under surface or roof of this bell-shaped disc is suspended a 
single polypite (the manubrium), which bears# to the disc the 
same relative position as the clapper does to an ordinary band- 
bell. The distal end of the central polypite is furnished with a 
mouth, the lips of which are often prolonged into four longer or 
shorter lobes or processes. The mouth opens into a digestive 
sac, occupying the axis of thfe polypite ; and from the upper end 
of this proceed four radiating canals, which run in the substance 
of the disc to its margin, where they are united by a single cir- 
cular vessel, the whole system constituting the so-called “gastro- 
vascular” or “ nectocalycine ” canals. The margin of the bell 
is narrowed by a kind of shelf, which runs round the whole 
circumference, leaving a central aperture, and which is known 
as the “ veil.” From the margin of the diSc hang jnore or less 
numerous tentacles, which are hollow processes of the ectoderm 
and endoderm, and which communicate with the circular vessel 
of the canal-system. Also round the circumference of the 
swimming-bell are disposed certain “marginal bodies,” which 
are doubtless organs of sense. Some of these marginal bodies 
consist of little rounded sacs or “vesicles,” filled. with a trans- 
parent fluid, and containing mineral particles, apparently of 
carbonate of lime. These are probably rudimentary Organs of 
hearing. Others of the marginal bodies are in the form of little 
masses of colouring-matter or pigment, often of a strikingly 
bright colour, enclosed in distinct cavities. These are known 
, as the “pigment-spots” or “eye-specks,” and they are believed 
to be rudimentary organs of vision. They are placed in a con- 
spicuous and unprotected position on the maigin of the disc, 
and hence these organisms were termed “ naked-eyed ” Medusa 
k by Edward Forbes. The reproductive organs are mostly de- 
veloped in the course <?f the radiating gastro- vascular canals, 
but are sometimes situated in the walls of the central polypite. 
The above is the essential structure of any of the ordinary 
naked-eyed MeSusce , such as Tkaumantias (fig. 18) ; and it is 
hardly necessary tp remark that it is exactly similar to what 
has been formerly described as distinguishing the undoubted 
free-swimming reproductive buds of the fixed Hydrozoa. The 
probabilities, therefore, as before said, are fh favour of the belief 
that the entire group of the Discophora will have to be ultimately 
done away with. 

* The naked-eyed Medusa are all exceedingly elegant and at- 
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tractive, when examined in a living condition, resembling little 
bells of the ftiost transparent glass, adorned here and there with 
the jnost brilliant colours. They occur, in their proper localities 
and at proper seasons, in enormous numbers, and they consti- 
tute one of the staple articles of diet to the Greenland, whale. 
They are mostly phosphorescent, or capable of giving out light 
at night, and they appear to be one of the principal sources of 
the luminosity of the sea. It does not seem, however, that they 
phosphoresce unless disturbed or irritated in some way. 
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CHAPTER VIII. 


SUB -CLASSES LU CERN ARID A AND GRAPTOLITID^E. 


The last remaining group of the living Hydrozoa is that of the 
Lucemarida* under which name are included a considerable 
number of forms, differing from one another to a jgreat extent 

in external appearance. It will be suf- 
ficient here to describe one or two 
typical forms. 

One group of the Lucernarida is 
represented by Lucernaria itself (fig. 
19), which occurs not uncottAtionly in 
our own seas. In Lucernaria we have 
a cup-shaped body, of a more or less 
gelatinous consistence, usually found 
attached by its smaller extremity to 
sea-weeds, this end of the body being 
developed into a small sucker. Like 
the Hydra* however, Lucernaria is not 
fixed, but can detach itself at will, and 
can even swim freely by means of the 
alternate contraction and expansion of 
the cup -shaped body (or " umbrella,” 
as it is termed). Round the margin of 
the cup are ^tufts of short tentacular 
processes, and in its centre is fixed a 
single polypite, furnished with a four- 
lobed mouth. The essential elements 
of reproduction are developed within 
the body of Lucernaria itself, and it 
does not give dff any generative buds, as so commonly occurs 
in other forms. 



Fig. 19.— -Two specimens of 
Lucernaria auricula at- 
tached to a piece of sea- 
weed (after Johnston}. 
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Another tjpe of the Lucemarida is represented by the organ* 
isms formerly termed “ hidden-eye^" Medusa, and familiarly 
known as sea-nettles or sea-blubbers. Every sea-side visitor is 
familiar with the great circular discs of jelly which are left 
upon the sands by the retreating tide during the summer 
months ; and many must have noticed on a calm day the large 
transparent discs of these same creatures slowly flapping their 
way through the water. Not a few, too, must have learnt 
by painful experience that some of these singular organisms 
have the power of stinging most severely, if incautiously handled. 
The forms included under the old name of “ covered-eyed ” Me- 
dusa differ considerably from one another in their nature, and 
even in their structure, though they all present, in spite of their 
much greater size, a decided resemblance to the naked-eyed 
Medusa already described. Some of the covered-eyed Me- 
dusa produce eggs which are developed into organisms resem- 
bling themselves; but most of them are now known to be 
nothing more than the free-swimming reproductive buds of 
minute rooted Hydrozoa . It will be sufficient here to describe 
shortly the life-history of one of the more remarkable forms of 
this section. 

If we commence with the young form of one of these singular 



F(g. so. — Development of Lucemarida. {Chrysaora). a Ciliated embryo ; b Hydra- 
tuba ; c Hydra-tuba beginning to divide by transverse cleavage ; d The cleavage 
still further advanced ; e A form in which the cleavage has proceeded still further, 
and a fresh circle of tentacles has been produced near the base \f Free-swimming 
generative zooid, produced by fission from the Hydra-tuba. * 

animals, we find that the egg gives origin to a little microscopic 
cilia^d body, which swims about freely by means of the cilia 
with which its surface is covered (fig. 20, a ). This little body, 
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on finding a suitable locality, fixes itself by one /end, and de- 
velops a mouth and tentacles at the other, when it is known 
as a 44 Hydra-tuba ” (fig. 20, £), from its resemblance in shape 
to the fresh-water polype or Hydra . The Hydra-tuba is only 
about half an inch in height, and it possesses the power of 
forming large colonies by gemmation, whilst it is incapable of 
developing the essential elements of reproduction. Under 
certain circumstances, however, reproductive zodids are pro- 
duced by the following singular process : The Hydra-tuba 
becomes elongated, and exhibits a number of transverse grooves 
(fig. 20, c). These grooves go on getting deeper and deeper, and 
become lobed at their margins, till the whole organism assumes 
the aspect of a pile of saucers placed one above the other 
(fig. 20, d). The tentacles now disappear, and a fresh circle is 
formed close to the base of the Hydra-tuba (fig. 20, e). Finally, 
all the saucer-like segments above the new circle of tentacles 
drop off one by one, and present themselves in the form of 
independent free-swimming Medusa (fig. 20 ,f). These repro- 
ductive zooids or Medusa eat voraciously, and increase rapidly 
in size, becoming not only comparatively, but often actually, 
gigantic. Thus, in one case the reproductive zooid has been 
known to attain a size of seven feet across, with tentacles fifty 
feet in length, though the fixed organism from which it was 
produced was no more than half an inch in height. These 
gigantic reproductive bodies live an independent life until they 
are able to produce ova and sperm-cells, when they die. The 
fertilised egg, however, develops itself, not into the monstrous 
organism by which it was produced, but into the little fixed 
sexless Hydra-tuba, from which the generative bud was de- 
tached. We have, then, here another instance of the so-calied 

t 

“ alternation of generations.” * 

It is now known, then, that most of the great sea-blubbers 
which abound around our coasts in* summer are really the 
detached reproductive buds of minute fixed Hydrozoaj and it 
may be as well to mention the leading features in their struc- 
ture, and the points by which they may be distinguished from 
the smaller or naked*eyed Medusa , to which they have a 
decided superficial likeness. In the commoWst forms of these 
zodids (such as our familiar sea-blubbers, Aurelia and Cyanea ), 
the body consists of a great bell-shaped gelatinous disc or 
umbrella,” from the roof of which is suspended a single 
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polypite t thejips of which are extended into lobed processes, 
often extending far below the margi^ of the disc. The diges- 
tive cavity of the polypite gives out from its upper extremity 
a series of radiating gastro-vascular canals, which proceed 
towards the margin of the umbrella. These radiating canals 
are never less than eight in number, and on their way to the 
maigin of the disc they break up into a great number of smaller 
vessels, which unite with one another to form a complicated net- 
work. At the margin of the bell they all open into a circular 
vessel, which in turn sends processes into a series of marginal 
tentacles, which are often of extraordinary length. Besides the 
tentacles, the margin of the umbrella is provided with a number 
of marginal bodies, each of which consists of a little collec- 
tion of pigment or “ eye-speck,” and a little sac filled with fluid 
and containing mineral particles. 'Each of these marginal 
bodies is covered and concealed from view by a kind of hood 
derived from the ectoderm. Hence the name of 11 hidden- 
eyed " Medusa applied to these forms, in contradistinction to the 
“naked-eyed” Medusa , in which the eye-specks are exposed 
to view. The reproductive organs are usually of some bright 
colour, and “form a conspicuous cross shining through the 
thickness of the disc.” 

From the above description it will be evident that there is a 
considerable resemblance between the so-called “ hidden-eyed** 
Medusa \ or the reproductive zooids of many of the JLucemarida, 
and the medusiform gonophores of so many of the Hydrozoa% 
as well as the true Discophora or naked-eyed Medusa . The 
differences, however, between them are these : The swimming- 
disc of the naked-eyed Medusa and of any medusiform gono- 
phore is furnished at its mouth with an internal shelf or veil; 
the radiating gastro-vascular canals are very rarely fiiore 
than Tour in number, and should they subdivide (as in rare 
cases they do), they do agt form an intricate network ; lastly, 
the marginal bodies are simply placed in an uncovered 
situation on the margin of the disc. In the t reproductive zooids 
of the Lucemarida or hidden-eyed Medusa % on the other hand, 
the swimming-disc or umbrella is destitute of any marginal 
shelf or veil; the •radiating gastro-vascular canals are never 
less than eight in number, and they split up into numerous 
branches, which unite to form an intricate network ; lastly, the 
marginal bodies are concealed from view by a kind of hood* 
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V Therestitt remains another family of* the Luceqtarida (viz., 
fthizostomida) in which the reproductive process Is carried on 
in the same way as in the forms we have just described, but the 
structure of the reproductive zofiids is somewhat different. In 
these, as in Rhizostoma (fig. 21), the generative zofiid is much 
like those just mentioned ; but the umbrella is destitute of mar- 



Fig* ®x.— Generative zoOid of Rhizostonta (after Owen). * Umbrella ; b b Tree- 
like peduncle covered with minute polypites ; c c Anastomosing network of gastro- 
vascular canals. 

ginal tentacles ; and in place of a single central polypite, there 
hangs from the under surface of the umbrella a complex tree- 
like mass, the branches of which end ( in, and are covered by, 
small polypites and club-shaped tentacles. The umbrella itself 
does not exhibit any difference as compared with those already 
described, but the ova are produced in a genital cavity which is 
placed on the under surface of the umbrella. 

Sub-class Graptolithle. — Before leaving rthe Hydtvsoa, it will 
be as well to notice very briefly a group of extinct organisms which 
certainly belong to this class, and which probably find their nearest 
in the Sertularians. The Graptolitid* are without a singly liv- 
ing representative, and their antiquity is, indeed, very high, since it is 
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doubtful if they ever pass Above the group of rocks known to geologists 
as the Silurian formation* The most typical forms of the group 
(see fig. 22, 2 and 3) agree with the • m 

living* Sertularians in having a homy 
polypary, and in having the polypites 
protected by little homy cups or hy- 
drothecae, all springing from a common 
flesh or ccenosarc. The typical Grap- 
tolites, however, differ from all known 
Sertularians in the fact that the hydro- 
soma was not fixed to any solid object, 
but was permanently free. Most of 
them, also, exhibit a very anomalous 
and remarkable structure, termed the 
“ solid axis” (fig. 22, 3). This is a 
peculiar fibrous rod, which no doubt 
served to strengthen the polypary, and 
which is often prolonged beyond one or 
both ends of the polypary in a naked 
state. There is also good evidence that 
the reproductive process in the Grapto- 
lites was carried on in manner some- 
what similar to what is seen in the liv- 



ing Sertularians — nam ely , by means of 
reproductive buds enclosed in homy 
capsules. Graptolites most usually pre- 
sent themselves as beautiful silvery im- 
pressions, covering the surface of the 
black shales of various parts of the 
Silurian system. 


Fig. sa.— Morphology of Grapto- 
lites. x. Portion of Graptolites 
Sagittarius , enlarged; a. Grap- 
tolites argenteus, showing hy- 
drothecae on one side only ; 3. 
Diplograpsus prist is, showing 
hydrothecae on both sides. 
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CHAPTER IX. 

• ACTINOZOA. 

The second great class of the Coelenterata is that of the Actin - 
ozoa % comprising the sea-anemones and their allies, the corals, 
the sea-pens, the sea-shrubs, and various other organisms. 
They are all defined as Ccelenterate animals in which there is 
a distinct digestive sac which opens below into the general cavity 
of the body , but is nevertheless separated from the body-walls by 
an intervening space ( the M perivisceral space ”), which is divided 
into a number of vertical compartments by a series of partitions 
or " mesenteries to the faces of which the reproductive organs 
are attached. The Actinozoa (fig. 23), therefore, differ funda- 
mentally ffom the Hydrozoa in this, that whereas in the latter 
the digestive cavity is identical with the body-cavity, in the 
former there is a distinct digestive sac, which opens truly into 
the body-cavity, but is nevertheless separated from it by an in- 
tervening perivisceral space. The result of this is, that Whilst 
the body of a Hydrozoon exhibits on transverse sections single 
tube only, formed by the walls of the combined digestive and 
somatic cavity, the body of an Actinozoon exhibits frvo concen- 
tric tubes, one formed by the digestive sac and the other by the 
general walls of the body. Further, in the Actinozoa the repro- 
ductive ^organs are always internal, and are never in the form 
of external processes ^f the body-wajl as in the Hydrozoa . 

In their minute structure the tissues in the Actinbzoa differ little 
from those of the Hydrozoa. The body is essentially composed 
of two fundamental layers — an ectoderm and endoderm ; but 
there are often well-developed layers of muscular fibres, some- 
what obscuring this Jlfeplicity of structure. Thread-cells are 
most commonly present in abundance, but are said to be absent 
in one order (the Ctenophord). Cilia are very generally de- 
veloped, especially in the • endoderm lining the bodyocavity. 
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where they serve to nfaintain a circulation of the contained 
fluids. The fcnly digestive apparatus consists of a tubular or 
sac-ljjce stomach, which opens inferidrly directly into the body- 
cavity (fig. 23, a), and communicates with the outer world 


• C 


Fig. 33. — Morphology of Actinozoa . Diagrammatic vertical section of Actinia . 
a Stomach-sac; £ Mesentery; c Craspedum ; d Tentacle. 

through the mouth. A nervous system has not been shown to 
exist in any of the Actinozoa except the Ctenophora* and in none 
are there any traces of a circulatory system. Distinct repro- 
ductive organs are always present, and true sexual reproduction 
occurs in all the members of the class. In a great many forms, 
however, of the Actinozoa we have' composite organisms or 
colonies, produced by a process of “ continuous M gemmation or 
fission, the zodids thus originated remaining attached to one 
another. In these cases — as in most of the corals — the separate 
beings or zodids thus produced are termed “ polypes," the term 
“polypite*” being restricted to the Hydrozoa. In the simple 
Actinozoa , however, such as the sea - anemones, the term 
“ polype ” is applied to the entire organism, as consisting of no* 
more* than a single alimentary region. It follows from this, 
that the entire body, or •“ actinosoma,” of any Actinozoon, may 
be composed of a single polype, or of several «uch, produced by 
budding or cleavage, and united to one another by a common 
connecting structure or ccenosarc. Most of the Actinozoa are 
permanently fixed, like the corals ; some, like the sea-anemones, 
possess a limited dtaount of locomo^e power ; and one order, 
the Ctenophora, is composed of highly-active free-swimming 
organisms. Some of them are unprovided with hard struc- 
tural or supports of any kind, as the sea-anemones and Cteno - 
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phoraj but a great many secrete a calcareous or horny skeleton 
or framework which is known as the “ coral ” or ^corallum." 

T|jj le Actinozoa are divided into four orders — viz* the Zoan- 
tharia, the Alcyonaria, the Rugose and the Ctenophora. 

Order I. Zoantharia. — The Zoantharia comprise those 
Actinozoa in which the polypes are furnished with smooth , 
simple f usually numerous tentacles , which, like the mesenteries, 
are in multiples of five or six . The Zoantharia are divided 
into three groups, distinguished from one another by the pre- 
sence or absence of a coral, and by its structure when present. 

The fjgst of these groups is termed Zoantharia malacoder - 
mata % or “soft-skinned” Zo&ntharia , because the polypes are 
either wholly destitute of a coral, or if there is one, it consists 
merely of little scattered needles or spicules of carbonate of 
k&e. Generally, too, the organism is simple, and consists of 
no more than a single polype. The best known of the mem- 
bers of this group are the beautiful sea-anemones or animal- 
flowers ( Actinides ), which occur so plentifully on every coast 
(fig. 24, a ). It will be as well to describe the structure of a 



Fig. *4.— Morphology Gf Actinide, a Actinia rosea ; b Arachnactis albida. 

(Alter Gosse.) 

sea-anemone somewhat in detail, as in this- way a clear notion 
niay be obtained of the general anatomy of the Actittosoa. The 
body of an ordinary sea-anemone (fig. 24, a) is a truncated 
cone or short cylinder, termed the “ column,” and is of sf'soft 
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leathery consistence. The two ends of the column are termed 
respectively the "base” and the “disc,” the former constituting 
a kind of sucker, by means of which the animal can attach itself 
at will, whilst the mouth is placed in the centre of the latter. 
The mouth is surrounded by a flat space, destitute of ap- 
pendages, and the circumference of the disc is in turn sur- 
rounded by numerous simple tubular tentacles, arranged in 
alternating rows. The tentacles consist of both ectoderm and 
endoderm, enclosing a tube which communicates with the 
body-cavity. By the muscular contractipn of the walls of the 
column, the fluid contained in the body-chambers can be forced 
into the tentacles, which can be thus protruded a gre^ length, 
whilst they can also be usually retracted. In some cases the 
tentacles are furnished with perforations at their extremities. 
The mouth *(see fig. 23, a) leads directly into the stomach, 
which is a wide membranous tube, opening by a wide apertultf 
into the body-cavity below, and extending about half-way be- 
tween the mouth and the base. The wide space between the 
stomach and body-walls is subdivided into a number of separate 
compartments by radiating vertical plates, which are called the 
“mesenteries,” and to the faces of which the reproductive 
organs are attached, in the form of reddish bands, containing 
either ova or sperm-cells. Below the stomach, attached to the 
free edges of the mesenteries, are a series of singularly twisted 
threads or cords (fig. 23, c), which are filled with thread-cells, 
and are termed “ craspeda.” The function of these is not well 
understood ; but it is believed that in some cases they can be 
emitted through apertures, which are occasionally found in the 
walls of the column. The sea-anemones are mostly to be 
found between tide-marks, in rock-pools, or on ledges of stone, 
adhering by means of the expanded base. They are not, how- 
ever, permanently fixed, but can change their place at will. In 
the nearly allied Ilyanthus and Arachnactts (fig. 24, b) the base 
is tapering, and it appears' that the animal spends the greater 
part of its existence in an unattached free conditftfe^ The true 
sea-anemohes, as already said, are all simple, each consisting 
of a single polype ; but there are closely-related forms (such as 
Zoanthus) in whicl^ the organism is compound, consisting of 
numerous polypes united by a creeping fleshy trunk or coeno- 
sarc. 

Th* second group of the Zoantharia is termed that of the 
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ZqantJutria scleradermata , from the nature of the skeleton or 
ddra L In this group are all the so-called " reef-bu$lding ’* corals, 
■which are the makers of* the well-known "coral-reefs.” The 
members of this group all possess the power of secreting car- 
bonate of lime within their tissues, so as to form a more or less 
continuous skeleton Or corallum. From the fact that this 
corallum is secreted by the inner layer of the polypes, and is 
therefore truly within the body, it is said to^e " sclerodermic, 
in opposition to the kind of coral produced by other forms (such 
as the red coral), where the skeleton is secreted by the outer 
layer of the polypes, and is therefore outside them. In this 
latter case the coral is said to be “ sclerobasic.” (For illustra- 
tions of these different kinds of corals, see figs. 25 and 28.) In 
the typical form of sclerodermic coral, the skeleton is in the 
form of a conical cup (fig. 25, d), the upper parr of which is 



Fig. 25 — Morphology of Corals a A single corallite, throwing off buds from Sts 
oral disc ; b Diagram of a rugose coral, showing the septa in multiples df four ; 
c Diagram of a modern coral, showing the septa in multiples of six; 4 Vertical 
section of a rugose coral, showing tabulae. 

hollow, and is called the " calice.” The lower part is divided 
into a series of cpmpartments by vertical plates, which are called 
the "septa,” and which correspond to the mesenteries of the 
living animal. Sometimes the space contained within the walls ' 
of the cup or "corallite” is broken up by horizontal plates 
called "tabulae ” (fig. 25, d) ; but when thegp are present, there 
are generally no septa. In the coral just ^escribed we have 
a single corallite, produced by one polype, and this simple 
condition may be maintained throughout life. In thecgreat 
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majority of gases, however, the polypes bud, so as to form a 
colony all bound together by a cgmmon flesh or coenosarc. 
When such a colony, therefore, produces a sclerodermic coral, 
in place of a single corallite, we have a composite skeleton com- 
posed of a number of little cups or corallites, each of which 
was produced by one polype, and all of which are united by 
means of a common calcareous basis secreted by the coenosarc 
(fig. 28, a). 

In accordance with their mode of formation, an ordinary 
compound sclerodermic coral may be distinguished from a 
sclerobasic coral by the fact that it would show a number 
of little cups or calices in which the polypes were contained, 
whereas these cups would be absent in the latter. In accord- 
ance, also, \yth the fundamental character of the order Zoan - 
tharia , the corals of the present group always show septa 
which are some multiple of five or six. 

When it is understood that compound corals, such as we have been 
speaking of, are produced by the combined efforts of a number of 
polypes, essentially the same in structure as our ordinary sea-anemones, 
it is readily intelligible that under favourable circumstances large masses 
of coral may be produced in this way. % When these masses attain 
such a size as to be of geographical importance, they are spoken of as 
“ coral-reefs,” and the phenomena exhibited by these are of such in- 
terest as to demand some notice. The coral-producing polypes require 
for their existence that the average temperature of the sea shall not be 
less during winter than 66° ; and as our seas are considerably colder than 
this, we have no coral-reefs. Reefs, however, abound in all the seas 
not far removed from the equator, being found chiefly on the east coast 
of Africa and the shores of Madagascar, in the Red Sea and Persian 
Gulf, throughout the Indian Ocean and the whole of the Pacific Archi- 
pelago, around the West Indian Islands, and on the coast of Florida. 
The headquarters, however, of the reef- building corals may be said to 
be around the islands and continents of the Pacific Ocean, where they 
often form masses of coral many hundreds of miles in length. Ac- 
cording to Darwin, coral-reefs may be distinguished into three principal 
forms — viz., Fringing- reefs, Barrier- reefs, and Atolft, distinguished by 
the following characters : — . 

1. Fringing-reefs (fig. 26, 1).— These are reefs, usually of a mode- 
rate size, which may either surround Islands or skirt the shores of con- 
tinents. These shoresreefs are not separated from the land by any 
very deep channel, and the sea on their outward margins is not of any 
great depth. 

2. farrier-reefs (fig. 26, 2).— These, like the preceding, may either 
encircle islands or skirt continents. They are distinguished from firing- 
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ing-reefs by the fact that they usually occur at much greater distances 
from the land, that there intervenes a channel of deep water between 
them and the shore, and soundings taken close to their seaward u^urgin 
indicate great depths. 



fig- 26.— Structure of Coral-reefs, i. Fringmg-reef : a. Barrier-reef; 3, Atoll: a 
Sea-level ; b Coral-reef ; c Primitive land ; d Portion of sea within the reef, 
forming a channel or lagoon. 

As an example of this class of reefs may be taken the great barrier- 
reef on the N.E. coast of Australia, the structure of which is on a 
gigantic scale. This reef runs, with a few trifling interruptions, for a 
distance of more than a thousand miles, with an average breadth of 
thirty miles, and an area of thirty-three thousand square miles. Its 
average distance from the shore is between twenty and thirty mjJes, the 
depth of the inner channel is from ten to sixty fathoms, and the sea out- 
side is * ‘profoundly deep** (in some places ^>ver eighteen hundred feet). 

3. Atolls (fig. 2d; 3). — These are nearly circular reefs of coral en- 
closing a central expanse of water or lagoon. They seldom form com- 
plete rings, the reef being usually breached by one or more openings. 
They agree in all particulars with those barrier-reefs which surround 
islands, except that there is no central island in {he lagoon which they 
enclose. 

The last group of the Zoantharia comprises composite organ* 
i^Jfns in which the coenosarc is supported upon a centra? 
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or sclerobasie skeleton. These Zoantharia sclerobasica re- 
quire no notice, except simply to refhark that they are distin- 
guished from other sclerobasic corals (such as the Gorgonidce) 
by the fact that each polype possesses tentacles which are a 
multiple of j£r<in number. 

Order II. Alcyonaria. — The second great order of living 
Actinozoa is distinguished by the fact that the polypes are 
furnished with fringed tentacles, and that these, as well as the 
mesenteries and somatic chambers, are always some multiple 
of four. With one doubtful exception, all the Alcyonaria are 
composite, their polypevbeing connected together by a coeno- 
sarc. The body-caviti& of the polypes are connected with a 
system of canals which are excavated in the ccenosarc, and 
communicate freely with one another, so that a free circulation 
of nutrient fluids is thus kept up. The structure of the polypes 
of the Alcyonaria is, in all essential anatomical features, the 
same as in the sea-anemones, the number of the mesenteries 
and tentacles being the chief distinction. 

Of the various different organisms included under this order, 
one of the best known is the 44 Dead-men* s- 
fingers,” or Alcyonium % which occurs com- 
monly in our seas. It forms spongy-looking 
masses of a yellow or orange colour, attached 
to shells and other marine objects. The 
whole mass is covered with little star-shaped 
apertures, through which the delicate pol- 
ypes can be protruded and retracted at will. 

Another well-known member of this order 
— the type of another family — is the 41 sea- 
rod ” (Jfirgularia mirabilis ), which occurs 
not very rarely in British seas. Virgularia Fig. *7. — Pennatuii- 
occurs in the form of a long rod-shaped body 
of a light flesh colour, supported upon a Uo^of Ihc ste^in 
calcareous rod (sclerobasis), somewhat like* the living condi- 
a knitting-needle, which is covered by the A^wtilfn * of 1 the 

ccenosarc. From th£ ccenosarc are given stem in its dead 

out lateral processes, each of which bears condition, 
numerous polypes. Closely allied to Virgularia is the 44 Cocks- 
comb ” fPennatula ) ; but in this the lower end of the ccenosarc 
is naked and fleshy, and the polype-bearing fringes are con-* 
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siderably longer, giving the whole organism very much the 
apjfearance of a feather. € 

Another family of the Alcyonaria is represented by tlfb so- 
called “ Organ-pipe corals,” of vihichTubipora musica is a well- 
known example. In this there is a well-developed scleroder- 
mic coral consisting of numerous cylindrical tubes, which are 
not divided by vertical partitions (septa), but which are con- 
nected by- strong transverse plates. The coral is bright red in 
colour, and the polypes are usually bright green. 

The best known, however, of the Alcyonaria is the family 
Gorgonida t represented by the sea-shrubs, fan-corals, and the 
red coral of commerce. A few of the members of this family 
are British, but they attain their maximum in point of size and 
numbers in the seas of the tropics. In all the Gvrgonidce the 
organism consists of a composite structure made up of numer- 
ous polypes united by a common flesh or ccenosarc (fig. 2 8, £), 



Fig. *8.— SclerodennA and Sclerobasic Corals, a Portion of branch of Dendro- 
fhyllin nigr*sc*Hs t a sclerodermic coral (after Dana) ; b Longitudinal section 
of Isis hippuriSi a sclerobasic coral, exhibiting the external bark or ccenosarc, 
with its imbedded polypes, supported by the internal axis or skeleton (after 
Jones* W 

the whole supported by a central branched axis or coral. The 
'Coral varies in composition, being sometimes calcareous^— as in 
red coral — sometimes homy, and sometimes partly homy and 
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partly calcareous, as ixf Isis (fig. 28). In all cases, however, the 
corallum diners altogether from the sclerodermic corallum, 
whiq)i has been described as so characteristic of the reef-build- 
ing corals. The coral in the present instance is always what 
is called “ sclerobasic** — that is to say, it always forms an internal 
axis, covered by the coenosarc with the polypes produced there- 
from. It is therefore outside the polypes, and bears to the 
ccenosarc the same relation that the trunk of a tree bears to its 
investing bark. This is well shown in fig 28, b t where there is 
represented one of these sclerobasic corals in which the coral- 
lum consists of alternate horny and calcareous joints. The 
polypes of all the Gorgonidce agree, of course, with their order 
in having eight tentacles each, and by this they are distin- 
guished from the few Zoantharia in which there is a sclerobasic 
coral. 

The best known of the Gorgonida is the Corallium rubrurn, 
or 44 red coral ” of commerce, which is largely imported from 
the Mediterranean. In this species there is a bright red, finely- 
grooved, calcareous sclerobasis, usually more or less repeatedly 
branched. The corallum is invested by a bright-red coenosarc 
or bark, which is studded with numerous little apertures. The 
polypes can be protruded from these openings at will, and are 
milk-white in colour, with eight frigged tentacles each. The 
entire coenosarc is excavated into a number of communicating 
canals, with which the cavities of the polypes are connected, the 
whole system being filled with a nutritive fluid known as the 
44 milk.” 

Order III. Rugosa. — This order merely requires mention, 
as all its members are extinct, and are therefore only known to 
us by their hard parts or skeletons. They agree with the Zoan- • 
tkariS sclerodermata in having a well-developed sclerodermic 
corallum, but differ fron* them in the fact that the septa are 
always some multiple of four (fig 25, b) ; and tfcere are generally 
transverse plates or tabulae combined with Ae vertical plates 
or septa. On the other hand, they agree with the Alcyonaria 
in having their parts in multiples of four, but differ from them 
in having a well-<feveloped sclerodermic corallum in which 
septa are present. 

OftDER IV. Ctenophora. — The fourth and last order of the 
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Actinozoa is that of the Ctenophora, comprising a number of 
free-swimming oceanic creatures, very different ih appearance 
from any of the forms whi?h we have hitherto been considering. 
They are all transparent, gelatinous, glassy-looking creatures, 
which are found near the surface in the open ocean, swimming 
rapidly by means of bands of cilia. The cilia are arranged in a 
series of transverse ridges, which are disposed ih longitudinal 
bands, the whole constituting locomotive" organs which are 
known as " ctenophores.” In none are there any traces of a 
corallum or skeleton, and thread-cells are asserted to be univer- 
sally present As the type of the order, we may take one of our 
commoner forms, which is known by the name of Pleurobrachia 
or Cydippe (fig. 29). The body of Pleurobrachia is transparent, 



colourless, gelatinous, and melon-shaped, and exhibits two 
poles, at one of which is placed the mouth. The globe-like 
body is divided into a number of crescentic lobes by eight cili- 
ated bands or ( ctenophores, which < proceed from near the 
mouth to near tta opposite pole of the body. Besides the cilia 
there are two veiy.\gng and flexible tentacular processes, which 
are fringed on one side by smaller secondary branches. The 
tentacles arise each from a kind of sac, one placed on each side 
of the body, and they can be instantaneously and completely 
retracted within these sacs at the will of the animal. The 
mouth of Pleurobrachia (fig. 30, a) opens into a spindle-shaped 
(festive sac or stomach (b) 9 which in turn opens below fhto a 
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wider and shorter cavity termed the ** funnel ” ; from this 

there proceed in the axis of the b<yiy two . small canals ( e e), 
whiah open at the opposite pole of the body. From the upper 
part of the funnel there proceed two canals (" paragastric 
canals." d d) which run forward towards the mouth, and also a 
radiating series of canals which divide as they proceed to the 
circumference of «the ’body ( h , i, k, /), and ultimately open into 



Fig. 30 . — Sections of Pleurobrachia. z. Diagrammatic transverse section : b Diges- 
tive cavity ; i i Primary radial canals ; k k Secondary radial canals ; 1 1 Tertiary 
radial canals; g Base of tentacle, a. Diagrammatic longitudinal section: /* 
Mouth ; b Stomach ; c Funnel ; d d Paragastric canals ; e e Apical canals ; J 
Ctenophoral canal ; g Tentacle ; h Ctenocyst. (After Greene.) 

a series of canals which directly underlie the ciliated bands or 
ctenophores, and which are, therefore, known as the ** cteno- 
phoral ” canals. The whole of this complex canal-system is 
richly furnished with vibrating cilia, and thus a constant circu- 
lation of the nutritive fluids contained therein is maintained. 
In the angle between the two canals which run from the base 
of the funnel to the surface (the “apical canals'*) is placed a 
little bladder containing fluid with mineral particles; probably 1 
of carbonate of lime. This is believed to be a rudimentary 
organ of hearing, and is»termed the “ ctenocyst ” (2 h). Rest- 
ing upon this is a little mass which gives Irigin to a num- 
ber of filaments, and is generally believed^flro be of a nervous 
nature. * If this is correct, this is the first indication which we 
have hitherto encountered of a genuine nervous system. The 
reproductive organ% are developed in the walls of the cteno- 
phoral canals. 

The only other form of the Ctenophora which deserves men- 
tion Ps the “ Venus’s girdle ” (< Cesium Veneris), which agrees jp 
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essentials with Pleurobrachia , but is greatly elongated in a 
direction at right angles t<j the alimentary canal, till we have a 
ribbon-shaped body produced, four or five feet in lengthf^and 
two or three inches high. Cestum is not uncommon in the 
Mediterranean, and has the power of phosphorescence, appear- 
ing at night as a moving and twisting band of flame. 

Table of the Divisions of the Ccelenterata. 

Class I. Hydrozoa. — The walls of the digestive sac not separated 
from those of the body-cavity. The reproductive organs external. 

Sub-class I. Hydroida : — 

a, Hydrida . — Ex. Hydra. 

b , Corynida. — Ex, Tubularia. 

c, Sertularida. — Ex, Sertularia, Campanularia. 

Sub-class 2. Siphonophora : — 

d, Calycophorida. — Ex, Vogtia. 

e, Physophoridct. — Ex. Portuguese man-of-war (Physalia). . 

Sub-class 3. Discophora : — 

f Medusida. 

Sub-class 4. Lucemarida : — 

g, Lucernariada. — Ex, Lucemaria. 

h. Pelagida. — Ex. Aurelia. 

1. Phizostomida. — Ex. Rhizostoma. 

Sub-class 5. Graptolitidse. 

Class II. Actinozoa. — Digestive sac distinct from the general 
cavity of the body, but opening into it. Reproductive organs internal. 

Order I. Zoantharia : — 

a. Z. malacoderidata . — Ex. Sea-anemones (Actinidse). 

b. Z. sclerobasica Ex. Antipathes. 

c. Z. sderodermata , — Ex. Brain-corals, Star-corals, and Madre- 

pores. 

Order 2. Alcyonaria. — Ex. Dead-menVtoes (Alcyonium), Sea-rods 
(Virgularia), Red Coral. 

Order 3. Rugosa. — (All extinct). 

Older 4. Ctenophora. — Ex. Pleurobraclga, Venus’s Girdle (Cestum). 
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SUB-KINGDOM III. ANNULOIDA. 

« 

CHAPTER X. 

ECHINODERMATA. 

The third primary division of the animal kingdom is known by 
the name of Annultiida , and includes two groups of organisms 
which are extremely unlike one another in appearance, and are 
termed respectively the Echinodermata and the Scolecida. In 
the former we have the sea-urchins, star-fishes, and their allies, 
formerly classed in the old sub-kingdom Radiata ; in the latter 
are a number of internal parasites, with some minute aquatic 
creatures, all formerly referred elsewhere. Different as are 
these two groups in appearance and habits, they are neverthe- 
less united by the following peculiarities :* They possess a 
distinct alimentary canal, usually communicating with the outer 
world by two apertures {a mouth and a vent), but in any case 
completely shut off from the general cavity of the body (fig. 33, 2 
a, b, c). In all there is a distinct nervous system; and in all 
there is a peculiar system of canals termed the “ water-vascular" 
or §i aquiferous" vessels , which usually communicate with the 
exterior of the body .. 

Class^I. Echinodermata. 

The members of this class are popularly km ivn as sea-urchins, 
star-fishes, brittle-stars, feather-stars, sea-cufumbers, &c. f and 
derive their name of Echinodermata (Gr. echinos , a hedgehog ; 
and derma, skin) from the generally prickly nature of their in- 
tegumeftts. In ally the skin is possessed of the power of secret- 
ing carbonate of lime, but in very different degrees. In the 

* Some of the internal parasites of this sub-kingdom have no alimentary canal at 
all ; out this does not affect the value of the above definition. 
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sea-urchins this goes so far that the bolly becomgs enclosed in 
an immovable box, composed of numerous calcareous plates 
firmly pointed together. Hi the star-fishes and their alligs the 
skin is rendered prickly by grains, tubercles, or spines of cal- 
careous matter, and the body is either destitute of regular plates 
or is only partially enclosed by them. In the sea-cucumbers, 
again, the calcareous matter is only pfeseqt in the form of 
minute grains scattered in the skin. When adult, they all show 
a more or less distinctly radiate structure, which is most con- 
spicuous in the star-shaped star-fishes and sand-stars, but can 
be detected in all the members of the class. When young, 
however, they almost always exhibit what is called “ bilateral 
symmetry” — that is to say, they show similar parts on the two 
sides of the body. In all Echinoderms there is a water-vascular 
system of tubes, which is termed the “ambulacra! system,” 
which generally communicates with the exterior, and which in 
most cases is used in locomotion. An alimentary canal is 
always present, and is always completely shut off from the 
general cavity of the body. A vascular or circulatory system 
is sometimes present. There are always distinct organs of re- 
production, which are almost always placed in different indivi- 
duals, so that the sexes are distinct. The nervous system is in 
the form of a ring surrounding the gullet and sending branches 
in a radiating manner to different parts of the body. 

The Echinodermata are divided into seven orders, as fol- 
lows : — 

v 

1. Echinoidea (Sea-urchins). 

2. A s ter o idea (Star-fishes). 

3. Opkiuroidea (Sand-stars and Brittle-stars). 

4. Crittoidea (Feather-stars). 

5. Cystoidea (extinct). 

6 . Blastoidea (extinct). 

7. Holothuroidea (Sea-cucumbers). 

This is by no mi^ns a true arrangement of these orders, but 
it is convenient to consider them in this sequence. 

Order I. Echinoidea.— The animals included in this order 
vary from the shape of a sphere or globe to that of a disc, and 
they are all commonly known as “sea-urchins” or “sea-eggs.” 
They are all characterised by the fact that the body is enoased 
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in a “test” or “ shell * (fig. 31, 2) composed of numerous cal- 
careous plates immovably jointed together so as to form a kind 
of byx. The intestine is convolutedfand there is a distinct vent, 
or anal aperture. 

The test of a sea-urchin, as just said, consists of many cal- 
careous plates accurately fitted together, and united by their 
edges. In all lining* forms the test is composed of ten zones 
of plates, each zone consisting of a double row. In five of 
these zones (1 ^ 2 a) the plates are of large size, and are per- 



Fig. 31. — Morphology of Echinoidea. x. Portion of the test of a sea-urchin (Galer- 
ites\ enlarged, showing the ambulacral areas (£) and interambulacral areas (<?). 
a. Test of the same, viewed from above : a Inted&nbulacra ; b Ambulacra. 3. 
Genital disc of a sea-urchin (/ lemicuiaris ) enlarged : c Ocular plate ; d Genital 
plate ; e Anal aperture ; / Madreporiform tubercle. 4. Spine of the same. (After 
Forbes.) 

forated by no apertures. These are termed the “interambu-* 
lacraf areas.” . In the other five zones (i ^,2 b) the plates are 
of small size, and are • perforated by little apertures for the 
emission of delicate locomotive suctorial tules (the so-called 
“ambulacral tube-feet”). These zones are^rerefore called the 
“ ambulacral areas.” Besides these main rows of plates which 
collectively make up the greater part of the test, there are other 
plates placed in tlfle leathery skin round the mouth and vent. 
The most important of these form a kind of disc, which is 
placed at the summit of the shell. This disc (fig. 31, 3) is com- 
posed of two sets of plates — one called the “genital plates,” per- 
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forated for the ducts of the reproductive* organs ; the other set 
smaller, and each carrying a little “ eye," hence their name of 
“ ocular plates." One of the genital plates is also larger than 
the others, and carries a spongy mass which is called the 
“ madreporiform tubercle," and which protects the entrance of 
the water-vascular or ambulacral system. The whole of the 
test is covered with numerous tubercles of different sizes, which 
carry longer or shorter spines (fig. 32). The spines are jointed 



to the tubercle by a sort of "ball-and-socket” or "universal” 
joint, and they are completely under the control of the animal, 
so as to be used both in locomotion and apparently as defensive 
weapons. In most of our British species the spines are short, 
but in many tropical forms they attain a very great length. 
Besides the spines, the outer surface of the test is furnished 
'with curious little bodies^ called “pedicellariae,” which were 
long believed to be parasitic. They consist of two or* three 
blades mounted upon a flexible stalk #nd constantly employed 
in snapping together like the beak of a bird. They occur in 
many other Echkwlermata, and their use is obscure. 

Locomotion is effected in the sea-urchins by a curious system 
of contractile tubes which are known as the " ambulacral tubes" 
or " tube-feet," and which are appendages of the water-vascular 
system. The following is essentially the arrangement of the 
whole aquiferous system (see fig. 33, 2). From the madre- 
poriform tubercle on the largest of the genital plates \here 
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proceeds a membranous canal (/) by which the outer water 
is conducted to a central tube (/), jvhich forms a ring round 
the gullet. The .tubercle is spongy, and is perforated with 
little holes, and its function is probably to act as a filter, and 
prevent foreign particles gaining access to the interior. From 
the " circular canal ground the gullet proceed five " radiating 
canals" which take their course towards the summit of the 
shell, underneath the ambulacral areas (*«). In its course each 
radiating canal gives off numerous short lateral tubes (o) — 
the ambulacral tubes or tube-feet — which gain the exterior of 
the shell by passing through the apertures in the ambulacral 
plates of the shell, and which terminate in little sucking-discs. 



Fig* 33* — Morphology of Echinoidea. z. Young (larva) of an Echinus : a Mouth ; 
b Stomach ; c Intestine; s Skeleton, a. Diagram of Echinus — the spines and 
tube-feet are represented over a small part of the test, the blood-vascular system 
is cross- shaded, and the nervous system is represented by the black line': a Anus ; 
b Stomach ; c Mouth ; d and / Vascular rings round the digestive canal ; * Heart ; 
g Test; h Nervous ring round the gullet ; l Sand-canal; i Circular canal round 
the gullet ; nt m One of the radiating ambulacral canals ; o Tube-feet ; n Seconds 
uf vesicles at the bases of the tube-feet ; p Spines ; r Madreporiform tubercle. 

The tube-feet can be distended with water by means of a series 
of little muscular bladders ( n ) placed at tkjir bases, and they 
can thus j^e thrust far out beyond the shell^mto Which they can 
be again withdrawn at the will of the animal. However long 
the spines may be* the animal can protrude the tube-feet to a 
still greater length ; and by the combined action of the little 
suckers at their extremities locomotion is effected with mode- 
rate rapidity, considering the bulk of the body. 

*fhe digestive system in the Echinus consists of a mqyth 
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armed with a curious apparatus of calcareous #teeth, .which 
opens into a gullet* whjfh in turn conducts to a distinct 
stomach. From the stomach there proceeds a long and*con- 
voluted intestine* which is attached to the interior of the 
shell by a delicate membrane or " mesentery,” and terminates 
in a distinct vent. The surface of the jnesentery, as well as 
that of the lining membrane of the shell, is richly ciliated, and 
thus serves to distribute the fluids of the body-cavity to all 
parts of the body. In this way* also* respiration is subserved* 
though it is probable that the chief agent in this function is 
to be found in certain specialised portions of the ambulacra! 
system. The proper blood-vascular or circulatory system con- 
sists in its central portion of two rings (fig. 33, 2 d, f) placed 
round the opposite ends of the alimentary canal, and united by 
an intermediate muscular cavity or heart (e). The nervous 
system consists of a gangliated cord placed round the gullet, 
and sending five radiating branches along the ambulacral areas. 
The sexes are distinct, but in both the reproductive organs are 
in the form of five membranous sacs placed in a radiating 
manner in the interambulacral areas, and opening at the 
genital plates. The embryo of the Echinus is at first a little 
free-swimming ciliated organism, and it passes through an ex- 
traordinary development, which can only be alluded to here. 
In its later stages it was originally described as a distinct 
animal under the name of " Pluteus" (fig. 33, 1). In this state 
the larva is a curious easel-shaped body, with a distinct ali- 
mentary canal and an internal calcareous skeleton, and exhibit- 
ing distinct bilateral symmetry. The remarkable point, how- 
ever, about its further development is, that the young Echinus 
is developed out of only a portion of the Pluteus , and the 
greater part of the latter, including the skeleton, is cast ^way 
as useless. 

The majority ofrfhe sea-urchins are found at moderate depths 
in the sea, especially in the neighbourhood of oyster-banks. 
Others spend thenl^ existence buried in the sand; and one 
species excavates holes for itself in the solid rock, apparently 
by some mechanical action. 

Order II. Asteroidea. — As the structure of the sea-urchins 
may be taken as embodying the most important anatomical 
pet^iUarities of the Echinodermata, and as this has been \le- 
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scribed at sorge. length, *it will not be necessary to do more than 
briefly indicate the more important characteristics of the remain- 
ing ocrders. In the present order are included all the true star* 
fishes, the sand-stars and brittle-stars being generally regarded 
as a distinct group. The body in all the Asieroidea is more 
or less obviously star-shaped (fig. 34), consisting of a central 
disc surrounded by fiVe or more lobes or arms, which radiate 
from the body, are hollow, and contain prolongations from the 



Fig. 34 . — Cribella oculata (after Forbes). 


stomach. The body is not enclosed in an immovable box or test, 
as in the sea-urchins, but the integument is of a leathery nature, 
and is richly furnished with calcareous plates, tubercles, and 
spines. The true star-fishes are distinguished from the nearly 
allied brittle-stars ( Ophiuroidea ) by the fact that the arms are 
direct prolongations of the body, that they contain prolonga- 
tions of the stomach, and^that they are deeply grooved on their 
under surfaces for the radiating vessels of tfle water-vascular 
system, which are further, protected by a so»^of internal skele- 
ton. The upper surface of the body and arms is richly furnished 
with calcareous matter, in the form of prickles, tubercles, spines, 
and pedicellariae, tttfese last being peculiarly modified spines. 
The upper surface, al&, exhibits the madreporiform tubercle 
in the form of a concentrically striated disc placed at the angle 
between two of the rays, and also the aperture of the anu*% 
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when this is present. The mouth is placed in th$ centre of the 
lower surface, and is not furnished with teeth. It leads by a 
short gullet into a stomach which usually terminates d&i the 
upper surface by an anal aperture; but this is occasionally 
wanting. From the stomach in all the Asteroidea proceeds a 
series of much-branched membranous sacs, two of which are 
prolonged into each ray. The water-vascular or ambulacral 
system is in most essential respects identical in structure with 
that of the sea-urchins, making due allowance for Che different 
shape of the body. The nervous system consists of a gangliated 
ring surrounding the mouth and sending branches along each 
of the arms. The reproductive organs, like the nervous system, 
exhibit a radiate condition, being arranged in pairs in . each 
ray. 

The star-fishes are found on all our shores, but many forms 
are properly inhabitants of deep water. They differ much in 
the general shape of the tody. In the common cross-fish 
{Uras ter rubens) the disc is small,, and is furnished with long 
finger-like rays, which are properly five in number. In the 
Cribella (fig. 34) the general shape is much the same. In the 
sun-stars (. So/aster ) the disc is large and well marked, the rays 
are from twelve to fifteen in number, and they are shorter 
than the diameter of the disc. In the cushion-stars ( Goniaster ) 
the body is in the form of a five-angled disc, more or less flat- 
tened on both sides, the rays being only marked out by the 
ambulacral grooves upon the lower surface. 

Order III. Ophiuroidea.— In this order we have only the 
common sand-stars ( Ophiura ) and brittle-stars ( Ophiocoma ), 
all closely allied to the true star-fishes in external appearance, 
especially in their strikingly radiate form. The body in the 
Ophiuridce consists of a circular central disc covered with small 
calcareous plates, and giving off five long slender arms (fig. 35, 
a % b)\ which mawbe sijnple or branched, but which do not con- 
tain any prolongations from the stomach, nor have their under 
surfaces excavated into grooves for the protrusion of ambu- 
lacral tube-feet. The arms, in fact, are not prolongations or 
lobes derived from the body itself, but ard special appendages 
added for purposes of locomotion and prehension. The arms 
are very much larger than the diameter of the disc, and are pro- 
tected by four rows of calcareous plates— one above, one below. 
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and one on each side. ^In the centre of each arm is* a row of 
calcareous pieces which form a kind <jf internal axis or skeleton, 
belong which is placed the radiating ambulacral vessel. All the 



Fig. 35: — Ophiuroidea. a Ofhiura tcxturata , the common sand-star ;* 
b Ophioconia neglecta , the grey brittle-star (after Forbes). 


internal organs are contained within the disc, and nqpe ot them 
pass into the arms except the nerve-cords and ambulacral ves- 
sels. The mouth is placed in the centre of the under surface ot 
the disc, and opens into a globular, simple stomach, which is 
■ not furnished with an anal aperture, all indigestible particles 
being got rid of through the mouth. In variptis points of their 
anatomy the Ophiuroidea differ considerably from the true star- 
fishes, to which they are most nearly related, but these differ- 
ences do not require fu rther notice. 

The habits of the brittle-stars and sand-stars are various, but 
4 many of them may be found in rock-pools or under stones at 
Jow water on our own shores. 
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Order IV. Crinoidea. — In this order are comprised Eehino- 
dermatan in which the body is fixed, during the whole of a 
portion of the existence of the animal, to submarine objects by 
means of a jointed flexible stalk or column. The Crinoidea 
were formerly very numerous, both individually and in types, 
but they are represented at the present day by no more than 
three or four living forms, of which onebnly (the feather-star) 
is at all of common occurrence. The body in the Crinoids con- 
sists of a central disc or cup formed of calcareous plates^jindL 
protecting the body of the animal. From the margins of thll 
cup spring five or more arms which are arranged in a radiating 
manner, so as to form a more or less feathery crown. In one of 
our living forms, the animal, when full-grown, is free; but in All* 
other living species, and in the great majority of fossil forms, 



fig. *fa.—Ccmatula rotacta. a Free adult ; b Fixed young (alter Forbes). 

c* 

thd body was attached throughout life to the sea-bottom by 
means of a jointed stalk attached to the lower surface of the 
, pup (fig. 37). 
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The commonest living species is the feather-star ( Comatula 
rosacea ), which occurs not very rarely on certain parts of our 
coast?(fig. 36). This beautiful animal consists of a central body or 


disc, from which proceed five 
radiating arms, which divide 
almost directly after #theifr 
origin into two Secondary 
branches, so that ultimately 
there are produced ten long 
and slender rays. Each arm 
is furnished on both sides 
with a number of little joint- 
ed lateral processes or “pin- 
nae/* so as to’assume a fea- 
ther - like appearance, from 
which its popular name is 
derived. The digestive sys- 
tem is furnished with both a 
mouth and a vent ; the wa- 
ter-vascular or ambulacral 
system appears to take no 
part in locomotion, and the 
reprod ucti ve organs are lodg- 
ed in the lateral processes of 
the arms. The most remark- 
able point, however, about 
the Comatula is the manner 
in which it develops itself. 
When fully grown (fig. 36, a) 
it presents no small super- 
ficial ^semblance to some 
of the Opkiuroidea. When 
young (fig. 36, b) the Coma- 
tula is so different in appear- 
ance from the adult, that it 



was originally described as a pig, 37. — Rhizocrinus lofotensU, a living 
distinct animal. It consists stalked crinoid (after Wyvillc Thomson), 
-r four times the natural size, a Stem; b 

now of a little cup-shaped Cup; ceAm9m 
disc with ten radiating 

arms qf>ove, produced by the splitting into two of five pri- 
mary rays, and furnished inferiorly with a little flexible 
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column or stalk composed of a number of calcareous joints. 
By this jointed stem the body is at this period of life fixed to 
sea-weeds or other submarine objects. When sufficiently ma- 
ture, however, the body drops off its stalk, and then only requires 
to grow in size to become a fully-developed Comatula. 

The stalked condition which we hav» just seen to constitute 
a merely temporary stage in the life-history *of the Comatula is, 
on the other hand, the permanent state of parts in all the “ stone- 
lilies " and other fossil Crinoidea, and in two or three living 
forms. Of these reccnt*species, one of the most remarkable is 
one which has been isec^ntly discovered in the Atlantic and 
North Seas, and which kas been described under the name of 
Rhisocrinus lofotensis . This curious species (fig. 37) consists 
of a little thread-like jointed stem supporting a cfalcareous cup, 
from which proceed five branched and jointed arms ; and the 
stalked condition is here permanently retained during life. 


Orders V. and VI. Cystoidea and Blastoidea. — These 
orders merely require to be mentioned here, as all the forms in- 
cluded in them are extinct, and are unrepresented at the present 



day by living species. In both, the body is 
enclosed in a kind of box formed by jointed 
calcareous plates (fig. 38), and it was in 
most cases permgtlently to ced to the sea- 
bottom by a jointed stalk or column. The 
arms, which form so conspicuous a feature 
in the true Crinoidea , were either absent 
or very rudimentary. Both orders are most 
closely allied to the Crinoidea , and they 
constitute probably the least highly devel- 
oped sections of the whole class of/he Ech - 
inodermata . 


Fig. 38.— Cystoidea. 
EehiHOsfh«erite\^ 


Order VII. Holothuroidea. — In this 
order are comprised the highest of the 


Echinodertnata, all very different in outward appearance from 
any of the forms we have hitherto considered. They are com- 
monly known as sea-cucumbers or trepangs, but they are rare 
and inconspicuous animals at the best. They are all more or 
less worm-shaped or snail-like in form, and they are. either 


altogether destitute of calcareous matter in the skin, or have 
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only scattered grains and spines of this material. As a rule, the 
skin is simply leathery, and is endowed with wonderful con- 
tractility by means of powerful longitudinal and transverse 
muscles. In consequence of this, they can in rpany cases eject 
all or almost all their internal organs, and can sometimes divide 
their bodies into several parts when injured or alarmed. Loco- 
motion is effected § by alternate extension or contraction of their 
worm-like bodies, by anchor-shaped spicules of lime contained 
in the skin, or by rows of embulacral tube-feet, like those of the 
sea-urchins, protruded through the integument. Sometimes the 
tube-feet are scattered over the whole? surface of the body, and 
sometimes they are altogether absent.?;; , There is always a mouth 
at one extremity of the body, and ^-distinct vent at the other. 
The mouth is situated anteriorly, and is surrounded by a circlet 
of feathery tentacles (fig. 39), which are believed to be modified 



Fig. 3$**r Holothtttjoidea. Tkyone papillosa (after Forbes). 


tube-feet. The water-vascular or ambulacral system is some- 
times quite rudimentary, but in other cases it much resembles 
that of the sea-urchins, except that the madreporiform tubercle 
is not placed on the outside of the body, but hangs down freely 
in the interior of the body. In most of the Holothuroidea there 
are appended to the termination of the intestinal canal two 
much^branched tubes, which are filled with sea-water from ■ 
without, and are believed to exercise a respiratory function, 
hence the name of "respiratory tree” often applied to them. 

The British species of Holothurians, as already said, are all 
rare, and are mostly only to be obtained by dredging in toler- 
ably deep water. Some of the foreign forms attain a large size, 
and some are largely searched after to be sold in the Chinese 
market, being regarded in that country as a delicacy. 
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CHAPTER XI. 

CLASS II. SCOLECIDA. 

In the second class of the TslJb-kingdom Annuloida are included 
a number of organisms which are, in many cases, very unlike 
one another in external appearance, but which nevertheless 
agree in one or two structural points of importance. The most 
important of these are the possession of a system of water- 
vascular vessels, the absence of a vascular system, and the pos- 
session of a nervous system composed of no more than one or 
two nervous masses or ganglia. The points by which the 
Scolecida are distinguished from the Echinodermata are, the 
absence of calcareous matter in the skin, the absence of any 
traces of a radiate arrangement of their parts, especially of the 
nervous system, the constant absence of any blood-circulatory 
apparatus, and the course of their development. The Scolecida 
are often vermiform in shape, but many of them exhibit no 
worm-like characters, and one whole order is entirely micro- 
scopic. A great many of the Scolecida are internal parasites in 
other animals, and these are often collectively spoken of as 
Entozoa (Gr. entos, within ; soon, an animal). These parasitic 
forms subsist by an imbibition of the juices of their host 
through their delicate integument. They have, therefore, no 
necessity for acquiring food for themselves ; and we find, in 
consequence, that many of them a^e wholly destitute of an 
alimentary canak and that in all the organs of M relation" are 
very rudimentary.^ The Scolecida are divided into the following 
seven groups or orders : — 

1. Taniada (Tapeworms). 

2. Trematoda (Flukes). 

3. Turbellaria (Ribbon-worms and Planarians). 

4« Acanthocephala (Thom-headed worms). 

5. Gordiacea (Hair-worms). 
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& Nematoda (Round-worms and Thread-worms). * 

7. Rotifora (Wheel-animalcules). 

Order I. Tasniada. — In this order are comprised the so- 
called Tapeworms (fig. 40, 5) and the bladder-worms or cystic 



Fig. 40. — Morphology of Taeniada. x. Ovum containing the embryo in its 
leathery case. ; a. A bladder-worm ( Cyst ice reus longicollis\ magnified ; 3. 
Head of the adult Taenia solium , enlarged, showing the suckers and crown of 
hooklcts ; 4. A single generative joint, enlarged to show the branched ovary ( o ), 
the generative pore (a), and the water-vascular canals (£); 5. Fragment of 
Tania solium , showing the generative joints and the alternate arrangement of 
the generative pores. 

worms (fig. 40, 2). These were formerly described as distinct 
groups ; but it is now known that the latter are merely the im- # 
mature forms of the former. The peculiarity which distin- 
guishes the development of the Tceniada , and which led to the 
cystic worms being described as distinct animals, is that the 
different stages of growth are always found inhabiting different 
animals or " hosts.” If the fully-grown tapeworm is found in 
one animal, then its young form or cystic worm will always be 
found in another. ’Many animals are infested by tapeworms; 
but all the leading points of interest in the order will be brought 
out by a consideration of the commonest of the three tapeworms 
to which man is subject — namely, the common tapeworm,#>r 
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Tania solium. The common tapeworm is found inhabiting 
the intestines of man, onei only being generally present in the 
same individual. In shape (fig. 40, 5) it is an extremely elon^ited, 
flattened, tape-like body, many feet in length, and composed of 
anumber of flattened joints (fig. 40, 4) all loosely united to one 
another. At one extremity the joints becojne much smaller and 
narrower, till ultimately a point is reached where the organism 
is firmly fixed to the mucous membrane of the intestine by 
means of a minute rounded head (fig. 40, 3). The organs by 
which attachment is effected are, in this species, a crown of 
incurved hooks and four suckers. The head is in reality the 
true animal, and all the long, jointed, tape-like body which fol- 
lows this, is really produced by a process of budaing from the 
head. The head contains no reproductive organsi and is not 
furnished with a mouth or .digestive organs of any kind, its 
nutrition being entirely effected by imbibition of the nutritive 
fluids elaborated by its host. A nervous system, in the form of 
one or two ganglia, sending filaments backwards, is said to be 
present; but there is some doubt on this point. The water- 
vascular system (fig. 40, 4) consists of two long vessels which 
run down each side of the body and communicate at each 
articulation by a transverse vessel, the whole opening in. the 
lasf joint into a contractile vesicle. Each joint is sexually 
perfect, or hermaphrodite, containing both male and female re- 
productive organs (fig. 40, 4), which open on the surface by a 
small raised aperture, the 11 generative pore.” Almost the whole 
of each of the mature joints is filled up by a much-branched 
ovary. As the head is the true animal, and the numerous joints 
are only produced by budding, it follows that the entire organ- 
ism is to be regarded as a kind of colony, constituted by a single 
"sexless zodid or 41 nurse,” and numerous sexual zodids, produced 
by budding from the former. 

The process of development — thayis to say, the process by 
which this composite organism, commonly known as the tape- 
worm, is produced — is a very remarkable one, and is briefly as 
follows : Each generative segment or joint, as already said, is 
hermaphrodite, and contains innumerable ova. These eggs, 
however, cannot be developed within the body of the animal 
infested by the tapeworm itself, but they are compelled to gain 
access to the body of some different species of animal, if de- 
velopment .is to proceed. To secure this end, the mature joints 
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of the colony J>reak off, and are expelled from the alimentary 
canal of the host The joints thus ejyjelled die and decompose, 
and their contained eggs are thus set free. Each egg (fig. 40, 
1) is covered with a little leathery capsule which protects it 
from injury, and contains a minute embryo in its interior. If 
this microscopically small egg be swallowed — as in many ways 
it easily may be-r-by # another warm-blooded animal (in this 
particular case by the pig), then a fresh series of changes ensues. 
The leathery case of the ovum is dissolved in the stomach of 
the new host, and the embryo is set free, when it bores its way 
through the walls of tlje stomach by means of little silicious 
hooks with which it is provided. Having reached a suitable 
locality, the jfbung tapeworm proceeds to surround itself with 
a kind of cyst, and it develops from its hinder end a kind 
of bladder filled with fluid (fig. 40, 2). It is now a bladder- 
worm, or cystic worm, and as such would formerly have been 
regarded as a distinct animal. In the particular case of the 
Tania solium which we are now considering, the cystic worm 
is found imbedded in the muscles of the pig, and it constitutes 
in that animal the disease known as the measles. In this 
cystic stage the young tapeworm may remain for an apparently 
indefinite period, being quite incapable of developing eggs, 
though sometimes fresh bladder-worms may be produced by a 
process of budding. For its further development it is necessary 
that it should now be introduced into the alimentary canal of 
man. If a portion of measly pork be eaten with these cystic 
worms imbedded in it, then the young tapeworm is liberated 
from its cyst : it fixes itself by means of its suckers and hooklets 
to the mucous membrane of the intestine, and its caudal bladder 
drops off. It is now converted into the head of the adult tape- 
worm. It finally commences to throw out buds from its hinder « 
extremity, and in these buds or joints the reproductive elements 
are produced, so that ultimately we get the long flattened jointed 
colony with which we started. 

This extraordinary series of phenomena is now known to 
occur in other cases, but space will not admit our dwelling 
upon these. Another of the tapeworms of man (the Tania 
mediocanellatd ) is • developed in the same way from the 
measles of the ox. The tapeworm of the cat is the mature 
form of the bladder-worm of mice, and the tapeworm g£ the 
fox if derived from the cystic worm of hares and rabbits. Lastly 
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man is not only liable to be infested with ttye tapeworms 
derived from the cystic yorms of other animals, but may be 
attacked by the cystic or immature forms of the tapeworms 
of other animals. Thus the disease known as “ hydatids ” in 
the human subject is caused by the presence in his tissues of 
the. cystic worms which are ultimately developed into the tape- 
worm of the dog. 

Order II. Trematoda. — The “suctorial” worms, or “flukes,” 
as the members of this order are commonly called, are all inter- 
nal parasites, inhabiting various situations in different animals, 
but especially affecting birds and fishes. They are all more or 
less flattened and rounded in shape, and are furnished with one 
or more suckers, by which they adhere. They are distinguished 
from the Taniada by always possessing an alimentary canal, 
which is often much branched (fig. 41, 1), is simply hollowed 



Fig. 41. — Trematoda. x. Distoma fupaticum , the “ liver-fluke,” showing the 
branched alimentary canal : a. Anterior extremity of Distoma iaweolatum, en- 
larged ; a Anterior sucker ; b Posterior sucker ; c Generative pore ; d Gullet ; e * 
Bifurcating alimentary canal. , (After Owen. ) 

out of the tissues of the body, and is never provided with a dis- 
tinct anus. The best known of the Trematoda is the common 
liver-fluke (. Distoma ftepaticum , fig. 4*, 1), which inhabits the 
gall-bladder or ducts of the liver in sheep, and is the cause of 
the disease known as the rot. In form it js ovate, flattened 
on the two sides, and presenting two suckers, of which the 
anterior is perforated by the aperture of the mouth. A branched 
water-vascular system is present, and opbns posteriorly by a 
small aperture. The alimentary canal bifurcates shortly behind 
the ^nouth, the two divisions thus produced being much 
branched, and terminating posteriorly in blind extremities. In 
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Distoma lan^eolatum (fig. 41, 2) the intestine is divided* into 
two branches, but these are simple tubes, and are not branched. 

Order III. Turbellaria. — The animals ^included in this 
orderdiffer altogether from the Trematoda and Tattiada in being 
almost all a quaticjn their habits and being all non-parasitic. 
They never posses bucking-discs or hooklets, and their integu- 
ment is always furnished with vibrating cilia. A water-vascu- 
lar system is always present, but it appears sometimes not to 
communicate with the exterior. The alimentary canal is some- 
times simply hollowed out of the tissues and destitute of an 
anus, as in the Trematoda, and at other times suspended in a 
free space (body-cavity) and furnished with an anus. It may 
be simple or much branched. 

The best known of the members of this order are certain 
little jelly-like, soft-bodied, ovate, or elliptical creatures, which 
are commonly found in fresh water or on the sea-shore, and are 
known as Planarians . The skin in these curious little animals 
(fig. 42, 1, 2) is richly furnished with cilia, and also contains 



Fig. 42. — Turbellaria. i. Planaria forva : nt Mouth ; g Nerve -ganglion ; e Eyes; 
o v Ovary ; t Spermarium \j? n Genital opening : 2. Planar ia laden, showing 
the branched intestine : 3. Larva of one of the marine; Turbellarians : 4. Pil- 
idium, the larva of one of the NemerticUe 

numerous cells winch have been compared to the " nettle-cells *’ 
or “ cnidae " of the Coelenterata* The intestine may be either 
straight or'brancHbd, but always terminates behind in blind 
pouches, and is never provided with an anus. Thc^water- 
va$cular system communicates with the exterior. The ngrvous 
systtift consists of two ganglia, placed in front of the mouth, aijjd 
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united by a cord. There are generally rudimentaiy eyes or 
pigment-spots, which vary in number from two to sixteen. 

The remaining members of the Turbellaria are known as 
ribbon-worms ( Itfemerttdce), and are not uncommonly found 
on the sea-shore. They differ from the Planarida in being 
worm-like in shape, by the fact that the alimentary canal is 
furnished with a distinct anus, and by the hbsgnce of an exter- 
nal opening to the water-vascular system of the adult, in some 
cases at any rate. Their development sometimes shows pheno- 
mena very similar to what occurs in the Echinodermata, the 
larva (fig. 42, 4) being a free-swimming ciliated organism, of 
which only a portion is employed in producing the adult animal, 
the remainder being cast off as useless. 


Order IV. Acanthocephala. — The “thorn-headed worms 


included in this order are all internal parasites. They are 
worm-like in shape, marked with transverse wrinkles, and des- 
titute of any mouth or alimentary canal. 



The anterior extremity of the body (fig. 43) 
forms a kind of proboscis or snout, which is 
armed with recurved hooks, and has plac- 
ed at its base a single nervous ganglion. 
Beneath the skin is a network of canals, 
containing a clear fluid, and believed to 
represent the water-vascular system. The 
thorn- headed worms include some of the 
most formidable parasites 1 with which we 
are as yet acquainted, the best known 
being the various forms of Echinorhyttchus , 
which are found inhabiting the alimentary 
canal in many mammals, birds, and fishes, 
but not as yet in man. 


Fig. 43.— Acanthocephala. 
a Echinorkynchus gigas, 
tut size ; a* head of the 
same, magnified. 


Order V. Gordiacea. — The Gordiacea , 
or “hair-worms/* are thread-like para- 
sites which in the earlier stages of their 


existence inhabit the bodies of various insects, chiefly beetles 


and grasshoppers. They possess a mojuth and alimentary canal, 
but have no anus. The sexes are distinct, and they leave the 


bodies of the insects which they infest to breed, subsequently 


depositing their eggs in long chains either in water or in some 
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moist situation. In form the Gordiacea are singularly like 'hairs, 
and they often attain a length venj many times greater than 
thatfof the insect in which they live. 

Order VI. Nematoda. — In this order are the "round-worms” 
and "thread -worms,” both of which are parasitic, together 
with a number of worms which lead a permanently free exist- 
ence. All the Nematoda are elongated and cylindrical or thread- 
like in shape. They possess a distinct mouth, and an alimen- 
tary canal which is freely suspended in an abdominal cavity, 
and which terminates in a distinct anus. They possess a sys- 
tem of canals which are believed to represent the water- vascular 
system ; and the nervous system is in the form of a gangliated 
cord surrounding the gullet, and sending filaments backwards. 
Amongst the best known of the parasitic Nematodes are the 
common round -worm ( Ascaris lunbricoides) and the thread- 
worm ( Oxyuris ) of the human subject, both of which inhabit 
the alimentary canal, and the guinea-worm (. Filaria), which 
spends a portion of its existence in the cellular tissue of man, 
especially of the legs, and which attains a length of several feet. 
More dangerous than any of these is the Trichina, which spends 
its immature stages encysted in the muscles of some such animal 
as the pig, and only attains maturity and becomes capable of 
producing eggs when introdued into the alimentary canal of 
some other warm-blooded vertebrate animal. When this takes 
place, a train of symptoms are originated which somewhat re- 
semble rheumatic fever, and appear to be very generally fatal. 

Of the free Nematode worms, which are never parasitic at 
any time of their lives, about 200 species have been described, 
most of which inhabit fresh water or the shores of the sea. One 
of £he most familiar is the so-called "vinegar-eel” (. Anguillulu 
aceti ). 

Order VII. Rotifera. — Th eRoti/era, or "wheel-animalcules,” 
derive their popular name from the fact that the anterior en d of 
thfiJaodyJs furnished with one or two c irclets o? cilia (tig. 44) 
which, when in motion, vibrate so rapidly as to produce the 
illusory impressiAn of a quickly-rotating toothed wheel. The 
Rotifera are all aquatic, and are mostly inhabitants of fresh 
water. They are all microscopic in size, none attaining a greater 
length than i-36th of an inch. In th e females there is a district 
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mouth, intestinal canal, and anus. A nervo.us system is also 
'present consisting of ganglia placed near the anterior extremity 
of the body and sending filaments backwards. There is, filially, 
a well-developecUwater- vascular system. 

Most of the Rotifera are free-swimming active little animals 
(fig. 44, a), but some are permitnently fixed, as in Melicerta (fig. 
44, b) or in the crown-animalcule ( SUpfiatto&ros ). They are 
usually simple, but they are sometimes composite, forming 
colonies. As a rule, the male and female Rotifera differ greatly 
from One another, the males being smaller than the females, 



Fig. 44.— Rotifera. A. Diagrammatic representation of Hydatina tenta (gene- 
ralised from Pritchard): a Depression in the ciliated disc leading to the 
digestive canal; b Mouth; c Pharyngeal bulb with masticatory apparatus; 
d Stomach ; # Cloaca ; ./Contractile bladder ; gg Respiratory or water-vascular 
tubes; h Nerve-ganglion, giving filament to dilated pit (A); e Ovary. * B. 
Melicerta ringenx (after Gosse). 

devoid of any masticatory or digestive apparatus, and more or 
less closely resembling the young forms of the species. The 
males, in fact, merely lead a transient existence, and die as soon 
as they have succeeded in fertilising the females. The body in 
most .cases is very distinctly ringed or annulled (fig. 44 a), but 
is not composed of distinct rings separated by partitions. The 
integument is usually provided with bundles of muscular fibres 
ta^ng a longitudinal and transverse direction. In the flee 
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forms the anterior ciliated disc acts somewhat like the propeller 
of % screw-steamer in driving the organism through the water — 
in aliases it has the action of producing currents in the water 
by which particles of food are brought to the mputh. The pos- 
terior end of the body is usually developed in the free forms 
into a kind of tail or foot (fig. 4445H), which may take the shape 
of a kind of pincers of of a little* suctorial disc. 

As regards their internal anatomy, in the females of almost all 
the Rotifera there is a well-developed alimentary canal, which 
is completely shut off from the general cavity of the body. The 
mouth ( fig . 44, a ti) opens into a dilated chamber or pharyn- 
geal bulb'* (f), which contains a complicated apparatus of homy 
teeth. The pharynx opens into a capacious stomach (d), con- 
tinued into an intestine which terminates by a chamber known , 
as the “cloaca” (*), which forms the common outlet for the ! 
water-vascular and generative systems. In both sexes there is 
a well-developed water- vascular system consisting of a contrac- 
tile chamber or bladder (/), opening into the cloaca, and giving 
origin to two complicated tubes which are known as the “res- 
piratory tubes” (g g), and which terminate near the anterior 
end of the body, apparently by blind extremities. The nervous 
system is in the form of a large double ganglion placed above 
tlie gullet, and having one or two eye-specks placed upon it. 
The ovaries (o) constitute conspicuous organs in the female 
Rotifera, but in summer the young Rotifers appear to be pro- 
duced by the females without having access to the males. 

The Rotifera were long confounded with the Infusoria, in 
consequence of their great similarity in external appearance. 
They are, however, of an obviously much higher grade of struc- 
ture. One of the most remarkable phenomena presented by the 
Rotifera is found in the undoubted fact that in spite of their , 
complex organisation and aquatic habits they can be dried, and 
again brought to life by £he addition of a little water, and that 
this desiccation and restoration to life can be apparently repeated 
many times in succession without injury. '4 

Tabular view of the Divisions of the Annuloida. 

Class I. Echin&dermata. — Integument more or less highly 
charged with lime, or leathery. A water-vascular system, which 
usually assists in locomotion, and usually communicates with the ex- 
terior. Adult more or less distinctly radiate. 
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Order I. Crinoidea. — Ex, Feather-star (Comatula), 

Orders, Blastoidea (extinct). 

Order 3. Cystoidea (extiiuft). 

Order 4. Ophiuroidea . — Ex, Brittle-stars and Sand -stars. 

Order 5. AstetQidea. — Star-fishes. 

Order 6. Echinoidea , — Ex, Sea-urchins. 

Order 7. Holothuroidta. — Ex, Sea-cucumbers. 

Class II. Scolecida. — Usually flattened or cylindrical ; soft- 
bodied ; water-vascular system not assisting in locomotion ; no proper 
blood-vascular system ; nervous system not disposed in a radiating 
manner. 

• Order I. Taniada . — Ex, Tape- worms. 

Order 2, Trematoda, — Ex, Flukes. 

Order 3. Turbellaria, — Ex, Planarians. 

Order 4. Acanthocephala. — Ex, Echinorhynchus. 

Order 5. Gordiacea . — Ex, Hair-worms. 

Order 6. Nematoda, — Ex, Round- worms. 

Order 7. Rotifera, — Wheel-animalcules. 
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SUB-KINGDOM IV. ANNULOSA. 

CHAPTER XII. 

ANARTHROPODA. 

Sub -kingdom Annulosa. — In this sub-kingdom are com- 
prised an enormous number of animals which agree in the 
following characters (fig. 45). The body is composed of -a. 
number of segments or rings arranged^ along a longitudinal 
axis." There is a distinct alimentary canal (J>), placed cen- 

trally as compared with the other organic systems, and com- 
pletely shut off from the general cavity of the body. The 
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Fig. 45. — Diagram of an Annulose animal, a Blood-vascular or haemal system ; 
b Digestive system ; c Neural system. 

haemal or blood-vascular system may be absent, but, when 
preseig, it is always situated on the dorsal aspect of the body 
( a ). The nervous system is always present, and is placed along 
the ventral surface of the^>ody. In its typical form it consists 
of two ner y&ugt cord s running along the whole length of the 
ventral surface, and having a pair of ganglia, developed in each 
ring.. The first pair of ganglia is always placed above the 
gullet, and the second below, so that the gullet is surrounded 
by the two cords uniting these ganglia (constituting the so* 
called oesophageal collar ). The limbs (when present) are al- 
ways turned towards the neural aspect — that is to say, towards 
that sftle of the body upon which the nervous system is situated. 
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— See also the transverse section of an Annulose fnimal (fig. i). 
T&$ entire sub-kingdom the Annulosa is divided into two 
great divisions termed Arthropoda and A narthropoda, accord- 
ing as the bodf is provided with jointed appendages or not. 
In the Arthropoda, in which the body-rings are furnished (some 
or all) with jointed appendages, are included the Crustaceans 
(lobsters, crabs, &c.), the spiders and scorpions, the centipedes, 
and the insects. In the Anarthropoda, in which there are no 
true jointed appendages, are included the spoon-worms, leeches, 
earth-worms, tube-worms, and sand-worms.* * * 

Division I. Anarthropoda. — In this division of the Annu- 
losa, the locomotive appendages are never distinctly jointed or 
articulated to the body. In this division are included two 
principal classes — the Gephyrea and the Annelida .+ 

Class I. Gephyrea. — This class is a very small one, and 
includes a number of worm-like animals, which in most respects 
are very similar to the following class of the Annelida, but are 
distinguished by having no locomotive appendages attached to 
the sides of the body. They were long placed amongst the 



Fig. 46. — Gephyrea. Syrinx nudus (after Forbes). 

Echinodermata , having a decided relationship to the wonm-like 
Holothurians . They are distinguished, however, by never 
secreting calcareous matter in the skin, and by having no water- 
vascular or ambulacral system. There can be no doubt, how- 
ever, that the Gephyrea are, on the whole, very nearly related 

* The Anarthr&odn are often united with the Scoltcida into a common sub-king- 
dom under the name of Verm ** ; in which case the F^chinodermata are retained 
apart in a special sub-kingdom. 

t A third class has been constituted under the name of Ckeetegnatk* for some 
singular marine animals, transparent and worm-like in form, with lateral fins at the 
hinder end of the body, and having the mouth armed with bristles. They form the 
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to the HototJmrians % and it is chiefly fr6m the total absence of. 
any radiate arrangement of the nervous system and internal 
orgafis that they appear to be more properly classed with the 
worms. The Sipunculus or spoon*worm is fotfnd burrowing in 
the sand of many sea-coasts, or inhabiting the cast-away shells 
of univalve shell-flslj. A considerable number of species of 
this class have been recorded as occurring in British seas, and 
one of the more characteristic forms is figured above (fig. 46). 

Class II. "Annelida. — The Annelida or ringed-worms are 
distinguished from the preceding by the possession of definite 
segmentation, the body being composed of a number of rings 
which are all similar to each other except at the two ends of 
the body. All the Annelida are more or less worm-like in 
shape, and in all, except the leeches, the segments are (some or 
all) provided with lateral appendages which mostly subserve 
locomotion, but which are never jointed to the body. In the 
typical Annelida each segment (fig. 47) consists of two arches. 


n 



Fig. 47. — Diagrammatic transverse section of a typical Annelide. d Dorsal arc ; 
v Ventral arc ; n Branchiae or gills ; a Dorsal oar ; b Ventral oar — both carrying , 
bristles and a jointed filament. 

m 

termed, from their position, respectively the “ dorsal arc ” ( d ), 
and the “ ventral arc” (z 7 ). Each segment carries a lateral 
process on each side, which are known as the 14 foot-tubercles” 

( parapodia ). Each foot-tubercle in turn may consist of an' 
upper piece or 44 dorsal oar” (a)> and a lower piece or “ventral 
oar” (ff), both carrying a tuft of bristles and a soft jointed fila- 
ment (the “cirrhius”)! 

The nervous system consists essentially of a double gang- 
liated chaiS placed along the ventral surface of the body* and' ^ 
traveled in front by the gullet, so that the . first ganglion lies' 
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above the gullet (fig. 45). The digestive system Consists of a 
mouth, generally with a pfrotrusible proboscis, and sometimes 
4 homy jaws, a gullet, stomach, intestine, and a distinct dnus. 
As a rule, the alimentary canal runs straight from one end of 
the body to the other without describing any convolutions in its 
course. In almost all cases the alimentary tube is placed in a 
distinct perivisceral cavity, which contains sP fluid with solid 
particles in it, believed to correspond to the blood of the higher 
Annulosa . In most, if not in all, there is an additional system 
of vessels which carry a fluid containing solid particles, which 
are contractile, and which send branches. to the respiratory 
organs, when these exist. This system is believed not to cor- 
respond to the blood-vascular system of the higher animals, 
and it has therefore been termed the 11 pseudo-haemal” system 
(Gr. pseudos , false ; and haima, blood). It is believed, on the 
other hand, to be truly homologous with the water- vascular sys- 
tem of the Annuloida . Respiration is effected by the general 
surface of the body, or by distinct gills or branchiae. In most 
cases, also, there exists a series of peculiar involutions of the 
integument, which are known as the 11 segmental organs” or 
11 respiratory pouches,” and which are believed to be partially 
concerned in the respiratory process. The sexes in the Annelida 
are sometimes distinct, sometimes united in the same individual. 
The embryos are almost always ciliated, and many of them pass 
through a metamorphosis; 

The Annelida may be divided as follows : — 

Section A. Abranchiata. — Without gills or branchiae. 

1. Hirudinea . — (Leeches). 

2. Oligochceta . — (Earth-worms). 

Section B. Branchiata. — W ith branchiae. 

3. Tubicola . — (Tube-worms). 

4. Errantia . — (Sand-worms). 

« 

Order I. Hirudinea ( Discophora ). — This order comprises 
only the leeches, some of which are marine, whilst others in- 
habit fresh water. The leeches (fig. 48) are all characterised 
by the fact that the body is destitute of lateral bristles or foot- 
tubercles, but is provided with a sucking-disc at one or both 
extremities. In the typical forms, as in the comtyton medicinal 
leech, there are sucking-discs at both ends of the body, and in 
*those in which only the hinder sucker is present, the head can 
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be converted^ into a suctorial cavity* Locomotion is effected 
either by means of the alternate fixaftioil and detachment of the 
suckers, or by a serpentine bending of the body. 

The body is obviously ringed or annulated,*but none of the 
rings carry lateral appendages of any kind. The mouth is 
sometimes destitute^of teeth, but is sometimes armed with 
complex jaws. The alimentary canal ~ 

is short, with lateral dilations, and H 

united to the skin by means of a Wk /\]y\ 

spongy vascular tissue, so that the body- fn f 

cavity is obliterated. The pseudo- §|| 

haemal system is well developed, and ill 
consists essentially of four great longi- Jffig b 

tudinal vessels. Respiration appears ^ ^ 

to be effected, in part at any rate, |||$& 

by means of the segmental organs, 

which have the form of little sacs * P m j gSft I 

which open externally by minute aper- | 

tures. The nervous system has its / / / 

usual form, and the ganglia in front of jSSBOT / / / 

the gullet (“ prce-aesophageal" ganglia) 

give off branches to a number of simple c 

eyes which are placed on the head. Hip 

The sexes are united in the same in- 

dividual. Fi * '*. Thc 

The most familiar of the leeches officinalis), natural size ; b 
are the common horse-leech (Hcemop- Anterior extremity of the 

sis\ and the medicinal leech (San- sucker and triradiate jaws; 
guisuga officinalis , fig. 48). The former c One of the jaws detached, 
has no teeth, but the latter is provided m ^ n ^'circular 

with^ three semicircular toothed jaws 

(fig. 48, b % c), which meet in a point, and are sufficiently powerful 
to cut through the hunfhn skin. The medicinal leech is a 
native of fresh waters throughout the south and east of Europe, 
and it is imported in large numbers from Hungary, Bohemia, 
and Russia. 


Order II. Oug&cimsta. — In this order are included the 
earth-worms, (Lumbricida), and the water- worms (Naididat). 
Thev are all distinguished from the preceding by the fact that 
the oody is furnished with rows of bristles which take the placfi 
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of the /oot-tubereles of the higher Annelida, , arid which are 
the organs of locomotions They are distinguished from the 
higher forms by the fact that the locomotive bristles are com- 
paratively few irf number, hence the modem name of the order 
(Gr. oligos, few; and chaite, a bristle). In the common earth- 
worm ( Lumbricus terrestris) the body is cylindrical, attenuated 
at both ends, and furnished with eight rows of locomotive 
bristles. The mouth is destitute of teeth, and opens into a 
gullet which leads to a muscular crop, succeeded by a second 
muscular dilatation or gizzard. The intestine is continued 
straight to the anus, and is constricted in its course by numer- 
ous transverse partitions springing from the walls of the body- 
cavity. The pseudo-haemal system is well developed ; and 
there exists in even greater numbers than in the* leeches the 
series of segmental . organs, or lateral pouches, - which open 
externally by pores. The Natdidce are chiefly noticeable on 
account of their power of producing fresh individuals by a 
process of budding before they attain sexual maturity. One of 
the commonest of them is a little worm which occurs abundantly 
in many of our pools and streams ( Tubifex rivuloruni ), and 
which exhibits a fine red colour, owing to the pseudo-haemal 
system being visible through the transparent integument. 


Order III. Tubicola. — The Annelides included in this group 

derive their name from the fact 
that they have the power of pro- 
tecting themselves by means of 
tubes (Lat. tuba , a tube ; and colo, 
I inhabit). In some cases (fig. 
49) the tube is composed of car- 
bonate of lime, and is a genuine 
secretion from the body. In 
all the. Tubicola the respiratory 
organs are in the form of 
branched filamentous external 
gills, in which the fluid of .the 
pseudo-haemal system is sub- 
jected to Hhe action of the 
outer water. They are therefore 



Fig. 49 . — Tubicola. a Strpula contor- 
tn/iicata, showing the branchial and 
operculum; 6 S/iror6£t communis. 


" branchiate ” Annelides. As they Jive in tube^fhowever, and 
Mo not voluntarily expose more than the. anterior end. & the 
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body, the bAnchiae are all placed on or near the head. The 
filaments of which the gills are composed (fig. 49, a) are richly 
ciliated, and as the pseudo-haemal fluid is usually red, they! 
have generally a beautiful scarlet colour. 1 * 

The most familiar of the Tubicola is the Serpula (fig. 49, 0), 
the contorted and \19nding tubes of which must be known to 
every one as occurring on shells or stones on the sea-shore. 
One of the cephalic filaments in Serpula is much developed, 
and its extremity forms a kind of conical plug or “ operculum,’ 9 
which serves to close the mouth of the tube when the animal is 
retracted within it In Spirorbis (fig. 49, b) the shelly tube is 
coiled into a flat spiral, which is fixed to some solid object It 
is of extremely common occurrence on the fronds of sea-weed* 
and on other submarine objects. 

Order IV. Errantia. — The Annelides comprised in this 
order are called 11 errant ” (Lat. erro t I wander), or “ roving/* 
from the fact that they all lead a free existence, and are never 
confined in tubes. They have always lateral unjointed append- 
ages, or foot-tubercles (fig. 50), which carry tufts of bristles, 



Fig. 50. — “ Errant** Annelida. Nereis , showing the head with its appendages, 
and the bristle-bearing foot-tubercles. 


and a soft jointed filament or cirrhus. The anterior rings of 
the body are usually so "modified as to form a sort of head, 
which is provided with eyes and with two or more feelers, 
which differ from the antennae of insects and Crustaceans in 
not being jointed. The mouth is placed on the inferior surface 
of the head, and is sometimes furnished with one or more pairs 
of homy jaws, whicn work from side to side. The upper part 
of the alimei^ary canal is muscular, and can be turned inside 
out, or protruded beyond the true opening of the mouth. The 
pseudo-haemal system is well developed, and its contained flui^T 
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is mostly ted. Respiration is effected by external processes, 
gills or branchiae, arranged in tufts placed along the sides or 
back of the body, and not confined to the immediate neighbour^ 
hood of the heacf, as in the Tubicola* The sexes are in different 
individuals, and the young pass through a metamorphosis. 

Amongst the best known and commonest of the Errant Anne- 
lides are the common lob-worm {Arenicola ptscatorum) of our 
coasts, which is constantly used by fishermen for bait ; and the 
sea-mice {Aphrodite and Pofynpe ), some of which attain a large 
size, and are conspicuous for their iridescent bristles. Other 
less abundant forms may be readily obtained by searching under 
stones at low water. 
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CHAPTER XIII. 

i 

ARTHROPODA. 

Division II. Arthropoda or Articulata. — The members of 
the sub-kingglom Annulosa comprised under this head are gener- 
ally known as Articulate animals^ or as Arthropoda (Gr. arthros, 
a joint; and poda, feet). They are all distinguished by the pos- 
session of j ointe d app endages articulated to the body . The body 
is composecfoFa series of distinct rings or segments (technically 
called 44 somites”) arranged longitudinally one behind the other. 
The skin is more or less completely hardened by a horny deposit 
of 44 chitine,” with or without lime, so as to form a resisting shell, 
to the inner surface of which the muscles are attached. There 
is consequently no necessity for any internal skeleton. The 
nervous system in the young of all Articulate animals has its 
typical form of a chain of ganglia placed along the ventral sur- 
face of the body, and traversed in front by the gullet. In the 
adult, however, this typical state of the nervous system is often 
lost or modified. The blood-circulatory system may be absent ; 
but when it is present, it is placed dorsally (fig. 45), and consists 
of a true blood-system containing corpusculated blood, and 
furnished with a contractile cavity or neart. Respiration is* 
sometimes effected simply by the general surface of the body, 
but there are generally special organs adapted for breathing air 
either directly or through the medium of water. Jointed ap- 
pendages are always present, and may be developed from any 
segment of the body. 

The Arthropoda are divided into four great classes — viz., the 
Crustacea (crabs, lobsters, &c.), the Arachnida (mites, spiders, 
and scorpions), the Myriapoda (centipedes and gally-worms), 
and the Insecta (or true insects). These are roughly distin- 
guishable from one another by the following characters ; — 
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U Cjt WTACEA. — Animal more or less truly aquatic*} respiration by 
glSs* or by the general surface of the body ; two pairs of antennae 
{feelers) ; locomotive appendages more than eight in number, borne 
by the segments c£ the thorax, and usually of the abdomen also. 

9 . Arachnid a. — R espiration aerial, by pulmonary sacs, by air- 
tubes (tracheae), or by the general surface of the body; head and 
thorax amalgamated ; antennae (as such) absent ; legs eight ; abdo- 
men without jointed appendages. * 

3 « Myriapoda. — R espiration by air-tubes (tracheae) ; head distinct ; 
remainder of the body composed^ of nearly similar segments ; one pair 
of antennae ; legs numerous. 

4. Insecta. — R espiration by air- tubes (tracheae) ; head, thorax, and 
abdomen distinct ; one pair of antennae ; three pairs of legs borne on 
the thorax ; abdomen destitute of limbs ; generally two pairs of wings 
on the thorax. 
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CHAPTER XIV. 

CRUSfX'CEA. 

Class I. Crustacea. — The members of this class are com- 
monly known as crabs, lobsters, shrimps, prawns, king-crabs, 
barnacles, acorn-shells, wood-lice, &c. They are nearly allied 
to the succeeding class of the Arachntda (spiders and scor- 
pions), but are distinguished by their adaptation to a more or 
less pur ely aq uatic life, by havingjointed appendages upon the 
hinder segments of the body (abdomen), and by the possession 
of two pairs of antennse. As a class, the Crustacea are distin- 
guished by being usually furnished with branchiae or respira- 
tory organs, adapted fin; breathing air dissolved in .water, by 
having more than four pairs of legs, by having a well-developed 
chitinous or partially calcareous "crust 1 ’ or external -skeleton, j 
by the fact that some of the appendages are generally so modi- 
fied as to act as organs of mastication, and by passing through 
a metamorphosis before attaining their adult condition. 

The body in a typical Crustacean is composed of twenty-one 
(or, according to some writers, twenty) distinct segments or 
somites, placed one behind the other. Thest segments are 
distributed in three distinct divisions, known respectively as the 
41 head,” the "thorax” or chest, and the 41 abdomen” or tail, 
each of which is usually regarded as being composed of seven 
segments. In very man^cases, however, the fourteen segments 
belonging to the head and chest are amalgamated together into 
a single mass, which is termed the 44 cephalo-thorax,” thus leav- 
ing seven segments to the abdomen. It will be unnecessary, 
however, to dwell here longer upon the structure of the Crus* 
to&a % as the general morphology of the class will be given at 
somewhat greater length in speaking of the lobster. The classi- 
fication, also, of the Crustacea is so complex that it will be as 
<welf4o omit altogether the less important orders, merely giving 
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the names and leading characters of these in anfappendix. It 
has also been thought advisable to invert the usual order here 
adopted, and to commence with the consideration of the highest 
sections of the class first. 

Order Decapoda. — The Crustacea included in this order 
derive their name from the fact that thef all possess five pairs 
of legs (Gr. deka t ten ; poda, feet). They belong to a large sec- 
tion known as the " stalk-eyecl” Crustaceans, from the fact that 
the eyes are supported by long, movable stalks. They include 
the lobsters, shrimps, cray-fish, crabs, hermit-crabs, and other 
forms, and are the most highly organised and most familiar of 
the whole class of the Crustacea . They are divided into three 
very well marked groups or tribes, all of whicl\ can be ex- 
emplified by well-known British species. 

A< Macrura . — The name of Macryra (Gr. makros , long ; and 
oura , tail) is given to those ten-footed Crustaceans which have 
a long* and well-developed tail. Amongst these are the lobster, 
shrimp, prawn, and cray-fish, of which the lobster may be se- 
lected as a good typical example. 

In the lobster (fig. 5 1) the body is at once seen to be composed 
of two parts, familiarly called the 41 head ” and “ tail.” The so- 
called head is covered by a great shield termed the “ carapace ” 
(fig. 51, ca) t and it is in reality the cephalo - thorax, being 
composed of the amalgamated segments which belong to the 
true head and to the thorax, The so-called tail is really the 
abdomen, and it is composea of a number of segments which 
are not immovably united together, as in the cephalo-thorax, 
but are movable jointed together. The various appendages of 
the animal are' arranged in pairs on the under surface of the 
« body ; and where the segments are completely amalgamated (as 
in the cephalo-thorax), their existence may nevertheless be 
determined by the presence of a pair pf appendages. The first 
segment of the head carries a pair of compound eyes, made up 
of a number of simple lenses aggregated together, and supported 
upon long and movable eye-stalks. Behind these come two pairs 
of jointed organs of touch, which are known as the "antennae.” 
The front pair is much smaller than the hinder pair, and they 
are knowi#espectively as the 11 lesser antennae,” or " antennujtes,” 
and the "great antennae.” Behind these, again, comes the 
jnouth, which is placed on the under surface of the head, ai.d is 
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provided with ft complicated series of masticatory organs. It is 
unnecessary to describe these minutely but it should be noticed 



Fig. 51. — Morphology of the Lobster, x, Lobster with all the appendages re- 
moved except the last pair of the abdomen, and with the abdominal segments 
separated from one another: ca Carapace ; t Telson. a, The third abdominal 
segment, showing swimmerets. 3. One of the last pair of foot-jaws, carrying 

F 

that they are all modified limbs, and therefore differ^ altogether 
from the jaws of the Vertebrate animals. That this is their real 
naAre is shown most obviously in the hindmost pairs of the*$ 


INVERTEBRATE ANIMALS. 


ta8 

jaws, which are so little altered from ordinary Jpgs that they 
are known as " foot-jaws ” (fig. 51, 3). The last five segments 
of the thorax carry five pairs of walking-legs, hence the name 
Decapoda applied to the order. Of these legs, the first three 
pairs have their extremities converted into nipping-claws or 
“ chelae/ 1 and the first pair is much larger than the others, and 
constitutes the well-known great claw$ ofthe^lobster. The last 
two pairs of legs simply terminate in pointed^ extremities, and 
not in pincers. The segments of the abdomen', with the excep- 
tion of the hindmost, carry each a pair of paddle-like append- 
ages, which are used in swimming, and are called the “ swim- 
merets” (fig. 51, 2). The last pair of swimmerets are attached 
to the last segment but one, and are very greatly expanded, so 
as to form a very powerful tail-fin. The last segment of all is 
known as the “telson” (fig. 51, 1 /), and is not provided with 
„ any lateral appendages. 

The mouth in the lobster leads by a short gullet |nt&L globular 
stomach, which is furnished with a calcareous apparatus for 
grinding down the food, commonly called the “lady in the 
lobster.” The intestine is continued backwards from the 
stomach without convolutions, and opens by a distinct anus 
placed in front of the telson. A well-developed liver is also 
present. The heart is placed dorsally, and is filled with aerated 
blood derived from the gills, which it propels through every 
part of the body. The gills, or branchiae (fig. 51, 3), are 
pyramidal bodies attached to the bases of the legs, and placed 
in a kind of chamber formed beneath the great shield, or cara- 
pace, on each side of the body. They consist each of a central 
stem supporting numerous lateral branches, and they are richly 
supplied with titood. The water which fills the gill-chambers 
* is constantly renewed by the movements of thedegs, and rims 
the gills are kept constantly supplied with fresh water. The 
nervous system is placed along the ventral Arface of the body, 
and has its usual form. The organs of sense are the two pairs 
of feelers or antennae, the compound eyes, and two oigans of 
hearing. 

B. Anotnura . — The most familiar members of this tribe are 
the hermit-crabs (Pagurutce) which occur* so commonly oK 
every shore. They are distinguished by the fact that the ab- 
domen is quite soft, and is not protected by a chitinous crust. 
*£he animal, therefore, is compelled to protect the defenceless 
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part of the b^dy in some artificial manner, and this it effects 
by appropriating the empty shell of some dead mollusc, such 
as the common periwinkle or whelk* *The. abdomen is provided 
with special appendages to enable the intruder to retain firm 
hold of his borrowed dwelling, . at the same time that he can 
change it at will when too small or otherwise inconvenient. 
The first pair of legs* are developed into pretty powerful nip- 
ping-claws or chelae, and one of them is always much larger 
than the other, and acts as a kind of plug, blocking up the 
entrance of the shell when the animal is retracted within it. 

C. Brachyura. — The decapod Crustaceans included in this 
tribe are familiarly known as crabs, and they derive their name 
of Brachyura (Gr. brachus , short; and oura, tail) from the 
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the greatly-developed cephalo-thorax, so that it isypiofvisible at 
a)h except when the aniipal is looked at from below (fig. 52). 
The crabs are very various in their habits, but they are mostly 
denizens of the* shore, hiding beneath stones or sea-weed, in 
cracks of rock, or in pools near the line of low-water. Some of 
them, however, can swim with tolerable activity, and some of 
them (the land-crabs) even live habitually inland. One group, 
the u pea-crabs,” is distinguished by the singular habit of living 
semi-parasitically within the shells of bivalve molluscs, such as 
the great horse-mussel. 

The young or larval crab is exceedingly unlike the adult, v 
and has a long and well : developed abdomen, thus approximat- 
ing to the type of structure which is permanently retained 
the Macrura. 

Order Isopoda. — In this order are a number of Crustaceans 

of which somfejlnhabit the 
sea, others arc parasitic 
in their habits, and others 
are terrestrial- The best 
known are the common 
wood-lice ( Oniscus , fig. 53), 
which are found so com- 
monly under stones, or in 
the crevices of old walls. 
The Isopods all belong to 
a group of Crustaceans in 
which the eyes are not sup- 
ported upon stalks, and they 
are therefore said to be 
" sessile-eyed.* f The head 
is distinct from the ‘seg- 
ment bearing the first pair 
of feet. The thoracic feet* 
are all similar to one an- 
other, and the branchias 
Fig. 53. IaopocU. Wood-lice are developed on the ab- 

, dominak legs. 

Order Mbrostomata. — In this order are only the living 
king-crabs ( Limulus ), and some large extinct forms neltrly 
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allied to then%. They are all distinguished by the fact that the 
appendages which are placed roun^ the mouth act by their 
bases as jaws, but have their extremities developed into swim* 
ming-paddles, walking-feet, or nipping-claws. » 

The King-crabs (fig. 54) constitute a special group called 
Xiphosura (Gr. xiphos a sword ; and oura, tail), from the fact 
that the end of tfce Ibdomen is furnished with a long sword- 
like spine (fig. 54, /). The mouth is surrounded by six pairs of 
appendages, the bases of which are spinous and act as jaws, 
whilst their free extremities are developed into nipping-claws 
or chelae. The whole of the upper surface of the body is pro- 
tected by a kind of buckler, composed, of an anterior semicir- 
cular shield, and a posterior somewhat hexagonal plate, the 
under surface of which carries branchial plates, whilst the 



Fig. 54. — Xiphosura. Limulus poly* Fig. 55. — Eurypterida. Pterygotut 

pkemus, viewed fromabelow. A ngiicns, restored. (After H. Wood- 

ward.) 


sword-like telson is jointed to its hinder margin. -The king- 
crab^ attain a large size, and are often called " Molucca crabs” 

K 
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from their occurrence in the Moluccas. Both the^eggs and the 
flesh are eaten by the Malays. 

Closely allied to the king-crabs is the extinct family of the 
Eurypterida, an* example of which is figured above (fig. 55). 
This species is supposed to have attained a length of probably 
six feet, but other forms were very much smaller. 

Order Trilobita. — The Trilobites constitute another wholly 
extinct order of the Crustacea, and deserve a short notice from 
their great geological importance. They derive their name 
from the fact that the body exhibits a more or less conspicuous 
division into a central apd two lateral lobes (fig. 56, 1). The 



Fig. 56. — Trilobita. x. Angelina Sedgwickii ; a. Diagram of the cephalic 
shield of a Trilobite. (After Salter.) 


entire shell or crust is composed of an anterior semicircular 
shield, covering the head (fig. 56, 2), a series of movable rings, 
constituting the thorax, and a tailpiece composed of amalga- 
mated segments, and representing the abdomen. On the under 
' suface of the shell nothing had ever been discovered except the 
upper lip, but recently traces of limbs have been mad& out. 
The cephalic shield usually bears a pair of compound eyes (fig. 
56, 2 o) y but these are sometimes wanting. It is probable that 
most of the Trilobites possessed the power of rolling themselves 
up into a ball, much as our modern wood-lice. The Trilobites 
are only known as occurring in the older rocks of the earth’s 
crust, and they are chiefly characteristic of«the period known to 
geologists as the " Silurian." 


Orders Cladocera, Copepoda, and Ostracoda. — These 
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orders deserved mention more trom the extreme abundance of 
their commoner forms than for any other reason. They include 
a number of minute Crustaceans, most of which are commonly 
called 11 water-fleas,” and abound in fresh waters id Great Britain. 
They are, however, so small that, though visible to the naked 
eye, they can only be satisfactorily examined under the micro- 
scope. As an exasnpfe of the Cladocera may be taken the 
M branched-homed water-flea” ( Daphnia pulex % fig. 57, £), thou- 



Fig. 57. — Fresh* water Entomostraca. a CyPris tris-striata ; b Daphnia 
pulex; c Cyclops quadricom is. 


sands of which may be captured in any pond in summer. In 
this pretty little species the whole body is enclosed in a bivalve 
shell, which is so transparent that the whole organisation of the 
animal is clearly visible through it. The head is distinct, and 
carries a single eye. The greater antennae are branched. The 
males are smaller than the females, and much fewer in number ; 
and it appears to be a well-established fact that the female, when 
once fertilised by the male, can not only lay eggs for the rest of 
her life, but can transmit the power of producing fertile ova to 
her young for several generations. Of the Copepoda one of the 
commonest is the Cyclops (fig. 57, c ), in which the cephalo-thorax 
is covered by a shield, and there is a well-developed abdomen. 
The female carries on either side a kind of pouch or ovisac, in 
which the eggs remain till they are hatched. The little Ostrar 
coda (fig. 57, a) are all^ninute Crustaceans, which occur in both 
fresh and salt water. They are distinguished by the fact that 
the body is entirely enclosed in a shell, which is made up of two 
lateraf halves or valves. The valves of the shell are united by 
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a membrane along the back, but can be opened below, so as to 
allow of the protrusion of the feet 

Order Ciri&pedia. — The last order of Crustacea which re- 
quires mention is that of the Cirripedia (Lat. cirrus , a curl ; 
"and pes , foot), comprising the so-called barnacles and acorn- 
shells, both extremely unlike Crustaceans te look at. All the 
Cirripedes are distinguished by the fact that, whilst they are 
quite free when young, and very similar to some of the little 
Crustaceans just described, when adult they are immovably 
fixed by their heads to some solid object. In this fixed condi- 
tion the body and internal organs are, in most cases, protected 
by means of a calcareous shell, composed of many pieces, and 
the only part of the body which remains movable is the legs, 
which are constantly thrust out of the shell and again drawn 
in in quest of food. The Cirripedia were formerly described 
as M multivalve’* shell-fish ( [Afo/luscd ), owing to their possession 
of a regular calcareous shell. Two distinct types of structure 
are known amongst the Cirripedia (fig. 58), constituting the 
two families of the barnacles ( Lepadidce ), and the acorn-shells 
( Balanida *), 

In the barnacles (fig 38, 6 ), the anterior end of the body is 


a 

Fig. 58. — Cirripedia. a Senile Cirripede (Balhnus) ; b Stalked Cirripede (Lefas ) n 

* 

much elongated, and is converted into a kind of stalk, by means 
of which the animal is attached to some solid object, such as a 
rock, a floating log of timber, or even some marine animal. In 
the acorn-shells (fig. 58, a), which occur fn myriads upon every 
solid object between tide-marks, there is no stalk, but the head 
is firmly cemented to the centre of a membranous or shelly 
plate. The body is enclosed in a limpet-shaped or ttmical 
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shell, composed of several pieces, and having an aperture at its 
summit. This opening is closed by s? movable lid, and from it 
the animal can protrude its delicate legs or cirri,” which look 
like a “glass hand,” and are constantly employed in sweeping 
the water in search of food. 

In accordance witl^ the fixed condition of the adult, almost 
all the Cirripedia are hermaphrodite, possessing both male and 
female organs of reproduction. In some cases, however, males 
exist, but these are much smaller than the females, and quite 
different to them in appearance, and they spend their existence 
within the shell of the female. 

Appendix, giving the remaining Orders of Crustacea. 

Order Ichtftyophthira . — Minute Crustaceans, free when younj*, but 
when adult parasitic upon various kinds of fishes ; adult usually de- 
formed and soft ; young with eyes and swimming-feet. Ex. Lernea . 

Order Phyllopoda. — Thoracic feet leaf-like and acting as branchioe. 
Ex. A pus . 

Order Laniodipoda . — Eyes sessile ; abdomen rudimentaiy ; respira- 
tion by means of little vesicles attached to the thoracic segments or 
legs. Ex. Cyamus (the whale-louse). 

Order Amphipoda . — Eyes sessile ; abdomen well developed; respira- 
tory organs in the form of vesicles attached to the thoracic limbs. Ex. 
Sandhopper (7 afttrus); Fresh- water shrimp ( Gammarus ). 

Order Stomapoda. — Eyes stalked ; gills unprotected, usually suspended 
beneath the abdomen. 'Ex. Locust-shrimp (Squilla). 
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CHAPTER XV. 

ARACHNIDA. 

Class II. Arachnida.— This class includes the mites, ticks, 
scorpions, and spiders, and, as a whole, is very nearly related 
to the preceding. The Arachnida , however, are distinguished 
from the Crustacea by being adapted in most cases for a strictly 
terrestrial life, so that when any distinct breathing-organs are 
present these are never in the form of gills, but are always either 
pulmonary sacs or air-tubes (trachea). In none of the Arachnida, 
further, are there ever more than four pairs of legs, and the seg- 
ments of the abdomen never carry limbs of any sort. The eyes 
are always sessile, and never supported upon stalks; if antennae 
exist at all, they are much modified, and the head is always 
amalgamated with the thorax, so as to form a cephalo-thorax. 

The integument usually produces chitine more or less abun- 
dantly, so as to constitute a resistant shell ; but in some cases 
the skin remains permanently soft. The mouth is situated in 
the anterior portion of the body, and in the higher forms is fur- 
nished with a pair of prehensile jaws, called “ mandibles," a 
pair of chewing-jaws, called " maxillae, ” and a lower lip. In 
the scorpions an upper lip is present as well. In the true 
spiders each mandible terminates in a sharp movable t hook 
(fig. 59, 4), perforated by a canal which communicates with a 
poison-gland situated near its base. By means of this poisonous 
fluid the spiders kill such animals as they capture. In the 
scorpions (fig. 59, 1) the mandibles are short, and terminate 
in strong pincers. In them, too, the maxillae are furnished 
with enormously developed nipping-claws or chelae.* In all 
the Arachnida the mandibles are believed to correspond to 

* These nipping-claws in the scorpions are produced not by the maxillae them- 
b selves, but by two appendages to the maxillae, which are known as “ map illary 
I 
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the antenna of the Crustacea. In the lower Arachnida, such as 
the ticks, the organs of the mouth afe modified to enable them 
to imbibe fluids. 



Fig. 59. — Morphology of Arachnida. 1. Organs of the mouth in the scorpion on 
one side ; n* Mandibles (antenna;) converted into pincers ; / Appendages of the 
maxillae (maxillary palpi) greatly developed, and constituting nipping-claws. a. 
Telson, or terminal joint of the abdomen, in the scorpion. 3. One of the abdo~ 
minal segments in the scorpion, showing the “spiracles'* or apertures of the 
pulmonary sacs. 4. Tegenaria domestica , the common spider (male), viewed 
from below; s Spinnerets; m Mandibles with their perforated hooks, — below 
the mandibles are the maxillae, and between these the lower lip ; / Maxillary 
palpi. 

The mouth in the Arachnida opens into a pharynx, which is 
of extraordinarily small diameter in the true spiders, which 
live simply on the juices of their prey. The intestinal canal is, 
usually short and straight, and is continued without convolu- 
tions to the aperture of the anus. Salivary glands are also 
present, as well as ramiffed tubes which are believed to act as 
kidneys. 

The circulation is maintained by means of a dorsal heart, 
which is situated above the alimentary canal. All the Arach- 
nida breathe air directly, and the function of respiration is per- 
formed by the general surface of the body (as in the lowest 
members of the class), or by branched air-tubes termed u tra- 
chfp," or by distinct pulmonary chambers or sacs, or, lastly, 
by a combination of tracheae with pulmonary sacs. Th? 
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tracheae are similar in structure and function to tAe breathing- 
tubes of the Myriapoda arili Insecta , and consist of tubes, which 
open on the surface of the body by distinct apertures called 
u spiracles/' and tranch repeatedly as they penetrate the tissues 
internally. The walls of the tube are prevented from collaps- 
ing by means of a spirally- coiled thread ojr filament of chitine, 
which is wound round their walls within their inner lining. 
The pulmonary sacs which occur in the Arachttida are simple 
chambers formed by an inversion of the skin, which constitutes 
a number of closely-set plates or folds. The whole of the in- 
terior of the pulmonary sacs is richly supplied with blood, and 
air is admitted by means bf minute external openings (fig. 59, 3). 

The nervous system is of the regular articulate type, but the 
ganglia of the ventral chain are often massed together in par- 
ticular situations. In no case are compound eyes present; and 
when distinct organs of vision exist, these are in the form of 
from two tS* eight simple eyes. 

Orders of the Arachnida. 

Order I. Podosomata. — In this order are included the 
u Sea-spiders," which are wholly marine, and were long be- 
lieved to be referable to the Crustacea on’ this account. As they 
have no respiratory organs of any kind, the question cannot be 
definitely settled, but they have no more than four pairs of legs, 
and would therefore seem to be properly referable to Arach- 
nida. In some forms the legs attain an extraordinary length, 
and contain prolongations from the stomach. They are all 
grotesque-looking animals, found at low water upon stones or 
marine plants, or parasitically attached to marine animals. One 
# of the commonest forms is figured below (fig. 60, a ). 

% 

Order II. Acarina. — The. most familiar members of this 
order are the Mites and Ticks (fig. 60, b, c). .They are distin- 
guished by the fact that the abdomen is amalgamated with the 
cephalo-thorax to form a single mass. Respiration is effected 
by the general surface of the body or by air-tubes (tracheae). 

The habits of the mites are extremely varied. Some are 
found upon different plants (tig. 60, b ) ; others are parasitic upon 
water-insects when young, but swim about freely when adult 
(fig. 60, c ) ; others are permanently parasitic upon other ani- 
fltals, such as sheep, dogs, insects, &c. ; and others inhabit *cle- 







Fig. 60. — Arachnida. a Pycnogonum littoral* ; b Tetranychus telarius f one of 
the “ Sociable" mites ; c Hydrachna globulus, one of the “ Water- mites." 

skin-disease which is known as the “ itch,” and .the other is 
found inhabiting certain glandular follicles of the skin, pro- 
bably without an exception even in favour of the most cleanly 
people. 

Order III. Pedipalpi. — In this family are the most formid- 
able of ail the Arachnida — namely, the Scorpions. They are all 
distinguished by the fact that the abdomen is divided into dis- 
tinct segments, and is continued into the cephalo-thorax with- 


•V? 
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Fig. 6s. — Scorpion reduced). 

out any well-marked boundary or constriction. In the true 
scorpions the end of the abdomen (fig. 61) is composed of a 
hooked telson, which is perforated for the duct of a poison-* 
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gland, situated at its base. It is by means of this that the 
scorpions sting; and the poisonous fluid which they secrete is 
sufficiently powerful to render their wounds troublesome and 
painful* if not positively dangerous. The mandibles in the 
scorpions* as already said, are developed into pincers, and the 
so-called “ maxillary palpi ” constitute powerful nipping-claws. 
The respiratory organs are in the form of putmonary sacs, four 
on each side, opening on the under surface of the abdomen by 
as many distinct apertures or spiracles {fig. 59, 3). 

The scorpions live in the warmer regions of the temperate 
zone and in tropical countries, and are generally found hiding 
under stones or in the cfevices of walls. Their sting, though 
much exaggerated, is certainly capable of producing very un- 
pleasant symptoms.* 

Order IV. Araneida.— In this order are the true Spiders, 
readily distinguished from the insects, with which they are 
popularly confounded, by having four pairs of legs, as well as 
by other characters. In all the true spiders (fig. 62) the seg- 



Fig. 6a. — Araneida. T her id ion riparium (female). 

ments of the thorax and head are united to form a single mass 
or cephalo-thorax, to which the soft and unsegmented abdomen 
is joined by a constricted stalk or neck. Respiration is effected 
by means of pulmonary sacs, usually conjoined with tracheae. 
The pulmonary sacs are two or four in number, and open on 
the surface of the abdomen by as many apertures. The head 

t * Nearly allied to the Scorpion* are the so-called *' Harvest-spiders” (Phaiart- 
jfidt rX and the diminutive ** Book-scorpion** (Ch*li/er) t which it commonly be 
round amongst old books. 
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bears from Ax to eight simple eyes ; the mandibles are hooked* 
and carry the duct of a poison-gland ; and the maxillary palpi 
are not developed into nipping-claws. The spiders are all pre- 
daceous and rapacious animals* and many ofrthem possess the 
power of constructing webs, either for the capture of their prey, 
or simply for lining their habitations. For the production of 
the web, spiders are furnished with a special gland situated at 
the extremity of the abdomen. The secretion of this gland is a 
viscid fluid, which hardens rapidly on exposure to air, and 
which is cast into its proper thread-like shape by passing 
through what are called the “spinnerets” (fig. 59, 4 s). These 
are little conical or cylindrical organa placed at the end of the 
abdomen, and perforated by a number of extremely minute 
tubes, through which the secretion of the gland has to pass 
before reaching the air. Many spiders, however, do not con- 
struct any web, unless it be for their own habitations, but simply 
hunt their prey for themselves. 

The spiders are oviparous, and their young pass through no 
metamorphosis, but they cast their skin or “moult" repeatedly 
before they attain the size of the adult. 
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CHAPTER XVI. 

MYRIAPODA. 

Class III. MYRiAPODA.~«This class is an extremely small one, 
and includes only the Centipedes and the Millipedes. In all 
the Myriapoda the head is distinct , and not amalgamated with 
the thorax. There is no clear boundary-line between the thorax 
and the abdomen , both being composed of nearly similar seg- 
ments. The body always consists of more than twenty ring's, 
and the hinder segments which correspond to the abdomen, 
always carry locomotive appendages, whereas the abdominal 
rings in Arachnida and Insecta are always destitute of loco- 
motive appendages. One pair of antenna is present, and the 
number of the legs is indefinite . Respiration is carried on by 
branched air-tubes or tracheae. 

In most of their characters the Myriapoda closely resemble 
the true insects, with which, indeed, they are not uncommonly 
classed. The true insects, however, always have the head, 
thorax, and abdomen distinct from each other, and have never 
more than three pairs of legs. In some of the Myriapoda 
the young or " larvae ” are more like insects than the adult, 
Since they have only three pairs of legs, or are altogether desti- 
tute of feet. In most cases, however, the young Myriapo^, on 
escaping from the egg, possesses nearly all the characters of 
the parents, except that the number of body-rings, and conse- 
quently of legs, is smaller, and increases with every change of 
skin (" moult M ). The class is divided into two families, repre- 
sented by the common Centipedes and Millipedes. 

The Centipedes (fig. 63) are carnivorous in their habits, and 
the organs of the mouth are adapted for a life of rapine. In 
addition to the parts of the mouth proper, they have two pairs 
of “ foot-jaws," of which the second is hooked and perforated for 
the discharge of a poisonous fluid. The bite of the comnifim 
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European species is perfectly harmless to man, but some of 
the tropical forms attain a lengthy of a foot or more, and 
are consequently able to inflict extremely severe and even 



Fig. 63. — Centipede {Scoloj>endra ) reduced. 


dangerous bites. The true centipedes* are further distinguished 
by the number of legs not being indefinitely great (usually from 
fifteen to twenty pairs), and by the fact that the antennae are 
composed of not less than fourteen joints each. 

The Millipedes (fig. 64) are repulsive-looking but perfectly 




Fig. 64. — Millipede (/«//«.) 


innocent animals, which feed principally upon decaying vege- 
table matter. The body in the ordinary millipedes is rounded 
and worm-like ; and the segments are so amalgamated that each 
apparent body-ring gives origin to two pairs of minute thread- 
like feet. The mouth is destitute of the powerful jaws which 
are found in the centipedes, the legs are indefinitely numerous, 
and the antennae are short, and are composed of no more thafi 
six or seven joints each. 1 

'the European millipedes are all of small size, but an 
American species is stated to attain a length of more than half 
a foot. 
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CHAPTER .XVII. 

INSECTA. 

Class IV. Insecta. — The true Insects are distinguished from 
the preceding classes of articulate animals by the fact that the 
three divisions of the body — namely, the head, thorax \ and abdo- 
mAt — are always distinct from one another; there are never 
more than three pairs of legs in the adult , and these are borne 
upon the thorax; the abdomen is destitute of locomotive appen- 
dages \ Respiration is effected by means of air-tubes or tracheae, 
and in most insects two pairs of wings are developed from , the 
back of the second and tltilti segments of the thorax. 

The integument in insects is more or less hardened by the 
deposition of chitine in it, ‘and the body is deeply cut intp seg- 
ments (hence the name Insect , from the Latin insectus, cut into). 
The head in insects (fig. 65, a) is composed of several segments 
amalgamated together, and carries a pair of jointed feelers or 
antennae, a pair of eyes, usually compound, arid the appen- 
dages of the mouth. The thorax in insects (< b , c, d) is com- 
posed of thred. segments, which are amalgamated together, 
but are generally pretty easily recognised. Each of these seg- 
ments of the thorax carries, in perfect insects, a single pair of 
jointed legs, so that there are three pairs in all. To the back 
of the two hinder segments of the thorax, in most insects, there 
are also attached two pairs of wings. In their typical form the 
wings are membranous expansions, supported by more or less 
numerous hollow tubes, known as the “nervures." One or 
both fairs of wings may be wanting, and when all are present 
the anterior pair may be much modified by the deposition of 
chitine in it. These modifications will be treated of in speak- 
ing of the orders of insects. The abdomen in insects (e) 
is properly composed of nine segments, which aYe usually more 
m less freely movable upon one another, and which never carty 
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locomotive ligibs, as is so commonly the case in the Crustacea. 
The extremity of the abdomen is, however, often furnished with 
appendages which are primarily connected .with reproduction, 
but which are often converted into weapons, of offence and 
defence. Of this nature are the “ ovipositors ” of ichneumons, 
the stings of bees and wasps, and the forceps of the common 
earwig. 



Fig. 65.— Diagram of the external anatomy of an insect : a Head carrying the eye* 
and antennae ; b First segment of the thorax, with the first pair of legs; c Second' 
segment of the thorax, with the second pair of legs and the first pair of wings ; d 
Third segment of the thorax, with the third pair of legs, and the second pair of 
wings ; e Abdomen, without limbs, but carrying terminal appendages concerned 
in reproduction. * 


The organs of the mouth in insects require a brief considera- 
tion, as being in the closest possible relation with their habits 
and mode of life. Two chief types of mouth are recognisable 
in insects, termed respectively the “ masticatory ”%md “ suctor- 
ial,' ,# according as the mouth is fitted for biting and chewing, or , 
simply for imbibing fluids. The masticatory mouth is seen in 
t perfection in the beetles, -in which the following organs are 1 
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present (fig. 66, i) : i, An upper lip or “ Jabrum” # (a), attached 
bekww the front of the lead. 2, A pair of biting-jaws ( 6 ) or 
* mandibles." 3, A pair of chewing-jaws or “ maxilla: ” (<r), pro- 
vided With jointed filaments, called the “ maxillary palpi." 4, 
A lower lip or “ labium " (d), which also carries a pair of jointed 
filaments, known as the “ labial palpi.” In the typical suctorial 
mouth, as seen in the butterflies and moths/fig. 66, 2), the follow- 



Fig. 66 . — Organs of the mouth in Tntects z. Mput)i of a ^masticating insect 
(beetle), represented dJagrammaticallya : Upper Up br “'Jajbrum, " b Mandibles ; 
c Maxillae, with their palpi , d Lower lip or *t Ubtum, with its palpi 3. 
Mouth of a butterfly : o Eye , /Base of antenna ; g LtM&^tifo ; * Spiral trunk. 
3. Mouth of a hemipterous insect : / Labium ; 1 m Msiijlk ; wMandibles. 

«* 

* \ 

ing is the arrangement of parts. The upper Up and mandibles 
are quite rudimentary ; the maxillae are greatly lengthened, and 
form a spiral tube fitted for sucking up the juices of flowers ; 
and the labial palpi are much developed, and form two hairy 
1 cushions between which the trunk can be coiled up when not 
in use. In many insects (fig. 66, 3) the organs of the mbuth 
are essentially adapted for suction, buj are also fitted for pierc- 
ing solid substances, such as the skin of animals or the stems 
of plants. In these the lower lip forms a' kind of sucking-tube 
or sheath, within which are contained the maxillae and mandi- 
bles, which are modified so as to form piercing organs or lan- 
cets. In the ’common bee the masticatory and suctorial typfes 
of mouth are combined. The mandibles or biting-jaws are 
retained, to enable the honeycomb to be manufactured, and 
is also a tubular trunk fitted for sucking up the juicec of 
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flowers. In the butterflies, too, in which the mouth of the 
adult is strictly adapted for suction, the caterpillar is fumished- 
with a masticating mouth, so that it can feed upon leaves, or 
other solid substances. 

The mouth in the masticating insects (fig. 67. a) leads into a 
membranous and often folded cavity, termed the “crop" ( d) 9 



Fig. 67, — Digestive apparatus of a Beetle (Carabus nuratns ). a Gullet ; b Crop ; 
c Gizzard ; d Chylific stomach ; e Malpighian tubes ; / Intestine ; g Cloaca ; h 
Renal vessels. 

from which the food pasjes to a second muscular cavity or 
“ gizzard ” (c). The gizzard is adapted for crushing the food, 
and often has plates or teeth of chitine developed in its walls. 
It is succeeded bg&d£e true digestive cavity (d ) 9 which is termed 
the? “chylific stomach.” From this there proceeds an intestine 
(/■), of variable length, which usually terminates in a chamber 
called the “ cloaca ” (^), into which the ducts of the repro- 
ductive organs open. The commencement of the gullet is 
furnished with glandular appendages,, which are believed to 

L 
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discharge the functions of salivary glands. Immefliately behind 
the posterior aperture oft the stomach are a variable number 
of csecal convoluted tubes (e), which are known as the “ Malpi- 
ghian vessels/' ifter their discoverer Malpighi, and which are 
generally looked upon as representing the liver. Close to the 
cloaca may be other tubes, which are believed, from their posi- 
tion, to exercise the functions of kidneys 

The circulation in insects is mainly carried on by a long con- 
tractile tube placed along the back, and termed the 11 dorsal 
vessel." The blood, collected from the various tissues and 
organs of the body, enters the dorsal vessel from behind, and 
is driven forwards to the anterior extremity of the body. Re- 
spiration is effected by means of air-tubes or tracheae, which 
commence at the surface by so many apertures 0 or spiracles, 
and branch repeatedly as they proceed inwards through the 
tissues. They have the same structure as in the Aracknida , 
consisting of membranous tubes strengthened by means of a 
spirally-coiled filament of chitine. 

The nervous jsystem in insects, though sometimes somewhat 
modified, has essentially the regular annulose form of a ventral 
chain of ganglia, traversed in front by the gullet. The organs 
of sense are the eyes and antennae. The eyes are usually “ com- 
pound/'and are composed of numerous six-sided lenses, united 
together, and each supplied by a separate nervous filament. 
As many as eight thousand of these lenses have been counted 
in one of the eyes of the common cockchafer, and this number 
is sometimes greatly exceeded. Besides these compound eyes 
there are sometimes " simple" eyes, identical in structure with 
the single lenses of the compound eyes ; and in rare cases these 
are tha only organs of vision. The feelers or antennae, with 
which all insects are furnished, are jointed filaments attached 
close to the 6yes, and assuming very different shapes in different 
insects. They appear to be certainly organs of touch, but they 
very probably minister to other senses as well, and there is 
some reason to suppose that they are connected with the sense 
of hearing in particular. 

The sexes in insects are distinct, and most of them are ovipa- 
rous. Generally speaking, the young insect is extremely dif- 
ferent in external character from the adult, and it requires, 
before reaching maturity, to pass through a series of changes 
which collectively constitute what is called the “metesner- 
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phosis." lit some insects, however, there is no proper meta- 
morphosis, and in some the changdk which take place are not 
so complete and striking as in others. By the absence of meta- 
morphosis, or by its completeness, when present insects are 
divided into three convenient, though perhaps not strictly 
natural, sections, as_ follows : — 

Section 7. Amctabolic Insects . — The insects belonging to this 
section are said to be “ Ametabolic” (Gr. a , without; metabole , 
change), because they pass through no metamorphosis. The 
young, on their escape from the egg, resemble the adult in every 
respect except in size, and they undergo no alteration in reach- 
ing maturity, except that they grow larger. All the insects of 
this section are destitute of wings in the adult state, and they 
are therefore often called “Aptera” (Gr. a , without; pteron , a 
wing). 

Section 77. Hemimetabolic Insects. — In the insects belonging 
to this section (Gr. hemi ’, half ; and metabole , change), there is a 
metamorphosis consisting of three stages, but these stages do 
not differ much from one another in appearance. The young, 
on escaping from the egg, is known as the “ larva,” and it Is not 
only much smaller than the adult, but is destitute of wings. 
After several changes of skin, the larva enters into the second 
stage, when it is termed the 11 pupa.” The pupa is active and 
locomotive, and rarely differs much from the larva, except that 
it is bigger, and rudimentary wings have now appeared on the 
back of the thorax. After a certain period, and after some 
changes of skin, the wings burst from their sheaths, and the 
pupa is now converted into the third and final stage, 'when it 
is known as the H imago” or perfect insect. In all the insects 
belonging to this section — such as grasshoppers, dragon-flies, 
&c. — the second stage or f>upa is active and locomotive ; and 
for this reason the metamorphosis is said to be “ incomplete.” 

Section III \ Holometabolic Insects (Gr. holos, entire; and 
metabole ; change). — The insects belonging to this section — such 
as butterflies, moths, and beetles — pass through three stages, 
just as do the preceding, but these stages differ from one an- 
other very much in appearance, and the metamorphosis is 
therefore said to be “ complete ” (fig. 68). In these insects the 
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larva is worm -like, segmented, and usually furnished with 
locomotive feet, which do*not correspond with the three pairs 
proper to the agult (see figs. 73. 74). though these are usually 




present as well. The larva is also provided with masticating 
organs, and eats voraciously. In this stage of the metamor- 
phosis, the larvae constitute what are popularly known as “ ca- 
terpillars " or " grubs." Having remained in this condition for a 
longer or shorter time, and having undergone repeated changes 
of skin, necessitated by its rapid growth, the larva passes into 
the second stage, and becomes a pupa (fig. 68 — see also' fig. 73). 
In this stage the insect remains quiescent, unless irritated, and 
it is very often attached to some foreign object, so as to be quite 
incapable of changing its place. In the case of the butterflies 
and moths, the pupa constitutes what is so familiarly known as 
the “ chrysalis." The body is protected by a chitinous pellicle, 
and in some cases this is still further protected by the dried 
skin of the larva ; whilst in other cases the larva— immediately 
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before enterfiig the pupa stage — spins for itself a protective case 
of silken threads, which surrounds fhe chrysalis, and is known 
as the “ cocoon.” Having remained for a variable time in this 
inanimate, quiescent pupa stage, during which rapid changes 
have been going on in the interior of the animal, the insect 
now frees itself from the envelope which obscured it, and ap- 
pears as the perfect winged adult or imago. 
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CHAPTER XVIII. 

ORDERS OF INSECTS. 

The known number of insects is so enormous, their forms are 
so various, and their habits and instincts are not only so re- 
markable but have been so fully described, that it were hope- 
less to attempt here to do more than give the briefest possible 
outline of the leading characters which distinguish the different 
orders. The student desirous of further information on this head 
must have recourse to treatises specially devoted to entomology. 

Section I. Ametabolic Insects. — Young not passing 
through a metamorphosis , and differing from the adult in size 
only . Perfect insect (imago) destitute of wings j eyes simple , 
sometimes wanting . 

Order I. Anoplura. — The insects comprised in this order 
are parasitic upon man and other animals, and they are com- 
monly known as Lice. They are all very minute in size, desti- 
tute of wings in the adult state, having a mouth formed for 
suction, and having either two simple eyes or none. 

Order II. Mallophaga. — These are known as H Bird-lice, ” 
and are all minute parasites on different birds. They are dis- 
tinguished from the true lice by not 'living upon the jifices of 
their host, but upon the more delicate and tender appendages 
of the skin. The mouth is, consequently, not suctorial, but 
fitted for biting. 

Order III. Thysanura. — The most familiar members of this 
order are the “Spring-tails” (Podura) % which are commonly 
found under stones or in cellars and suchlike situations. They 
are distinguished by having the extremity of the abdomen Yur- 
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nished with ifristles, by the sudden straightening of which the 
insect can effect powerful leaps. I if many cases the body is 
covered with delicate scales which form beautiful objects under 
high powers of the microscope. 

Section II. Hemimetabolic Insects. — Metamorphosis in- 
complete j the larwz differing from the perfect insect chiefly in 
the absence of wings and in sizej pupa usually active , or, if 
quiescent \ capable of movement . 

Order IV. Hemiptera. — In this order the mouth is formed 
for suction (fig. 66, 3); the eyes are compound, but simple eyes 
are often present in addition. Two pairs of wings are always 
present. 

The Hemiptera live upon the juices of plants or animals, 
which they are enabled to obtain by means of their suctorial 
mouths. All the four wings are present, but the condition of 
these varies in different sections of the order. In one group 
all the four wings are membranous (fig. 69) ; but in the other 



the posterior wings and the tips of the anterior wings alone are 
membranous. The innei* portions of the anterior wings are 
hardened by chitine, and they are known as “ Hemelytra” (Gr. 
he mi, half; and elutron , a sheath). Amongst the more familiar 
examples of the Hemiptera are the numerous species of Plant-lice 
(Aphides), the Field-bug (Pentatoma), the Boat-fly, the Cochin- 
eal insects, and the Cicadas. 


Order V. Orthoptera. — The mouth in this order is strictly 
masticatory ; there are four wings present, but the anterior pair 
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Is smaller than the posterior, and of a different fexture. The 
posterior wings are membranous and are folded lengthwise, like 
a fan ; the anterior wings are leathery, and constitute cases for 
the posterior wings (elytra). This order includes the Crickets 
{Achetina), Grasshoppers (< Gryllina ), Locusts (Locustina), Cock- 
roaches ( Blattina , fig. 70), and others. Some of them are formed 
^ >■ f6r running, alt th# legs being nearly 

\ € equal in size ; others have the first 

V pair of legs greatly developed, and 
constituting powerful organs of pre- 
hension ; whilst others, such as the 
V Locusts and Grasshoppers, have the 

hindmost pair of legs much longer 
than the others, giving them a con- 
/f V — j *| siderable power of leaping. All the 

Al Orthoptera are extremely voracious, 

/ \ and every one is acquainted with 

V * ^ the terrible ravages occasionally 

/ caused in hot countries by swarms 
y of locusts. 


S. Order VI. Neuroptera.— The 

mouth in this order is fitted for 
b r j~ Y H mastication ; the wings are four in 

number, generally nearly equal in 
size, all membranous, and traversed 
.r (. ▼ by numerous delicate nervures, 

# which interlace so as to form a deli- 

f \ cate network (fig. 71)* The meta- 

/ V morphosis is generally incomplete, 

Fig. 70. -Orthoptera. The com- but is sometimes complete, 
mon Cockroach' (Matt* arien- This order includes the well- 
tato), mate and female. known and rapacious Dragon-flies 

(UM/uUda), the Caddis-flies (JPhryganeida), the May-flies 
(Ephemerida) , the Ant-lion (. Mynncleo ), the Aphis-lion (fig. 71), 
Termites, &c. The last of these-— namely, the Termites or white 
ants— are social insects, living in organised communities, and 
exhibiting many remarkable phenomena. They are mostly 
inhabitants of hot countries, and cause immense mischief by 
destroying wood-work of all descriptions. Though called 
“ white ants,” it is to be remembered that they are not re&ted 
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in any way fo the true ants. They build mounds of different 
shapes and sizes, sometimes several* feet in height, formed of 
“ particles of earth worked into a material as hard as stone.” 
Each family of Termites possesses a king afid queen, which 
are always kept together closely guarded in a chamber placed 



Fig. 71. — Neuroptera. Aphis-lion (// tmrrobiider), imago, larva, and eggs. 

in the centre of the nest. Both are without wings and are 
much larger than the bulk of the community, the queen im- 
mensely so, owing to the enormous distension of her abdomen 
with eggs. The ordinary Termites are all sterile females, in- 
capable of laying eggs, and they are divided into two distinct 
sets or “ castes,” both destitute of wings, and differing in the 
armature of the head. The one caste includes the so-called 
11 workers ” who perform all the ordinary work of the colony, 
whilst the “soldiers” have greatly-developed jaws, and are* 
simply occupied in defending the nest against all enemies. 

Section III. Holometabola . — Metamorphosis complete; 
the larva % pupa , and imago differing greatly from one another 
in external appearance. The larva worm-like , and the pupa 
quiescent L 

Order VII. Aphaniptera. — In this order are only the Fleas 
(. Pulicida >), in which the mouth is suctorial, the metamorphosis is 
complete, and the wings are rudimentary being represented bjs* 
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four minute scales placed on the last two segments Sf the thorax. 
The larva of the common Mea is a footless grub, which in about 
twelve days spins a cocoon for itself, and becomes a quiescent 
pupa, from which the imago emerges in about a fortnight more. 

Order VIII. Diptera. — The insects of this order, as im- 
plied by its name, have only a single paif of wings — namely, 
the anterior pair. The posterior wings are rudimentary, and 
are represented by two clubbed filaments called “balancers” 
or “poisers” (fig. 72). The mouth in the Diptera is suctorial. 



Fig. 7a.— Diptera. Crane-fly ( Tipnla oUracea). 


The Diptera constitute one of the largest orders of insects ; 
the House-flies and Flesh-flies {Mused), the Gnats ( Culex ), the 
Crane-flies {Tipula), the Forest-flies ( Hippobosca ), and the Gad- 
flies ( Tabanidce ) constituting good examples* 

Order IX. Lepidoptera. — This well-known and most 
beautiful of all the orders of insects comprises the Butterflies 
and Moths, the former being active by day {diurnal) , and the 
latter mostly towards twilight {crepuscular), or at night {noc~ 
flurnal). In all the Lepidoptera the mouth of the adult insect 
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is purely sucfbrial, and is provided with a spiral trunk fitted for 
imbibing the juices of flowers. The wings are four in number, 
and are covered more or less completely with modified hairs 
or scales, which are pretty objects under the microscope, and 
from which the wings derive their beautiful colours. The 
larvae of the Lepidoptera (fig. 73) are generally known as cater- 
pillars. They ar^wdrm-like, provided with masticatory organs 
fitted for dividing solid substances, possessing false legs in 
addition to the three pairs proper to the adult, and having 
attached to the under lip a tubular organ or spinneret, by which 
silken threads can be manufactured. 



Fig. 73. — Large white Cabbage-butterfly {Pont in brassicce ). a Larva or 
caterpillar ; b Pupa or chrysalis ; c Imago or perfect insect. 


The butterflies or diurnal Lepidoptera are characterised by 
being "active during the cfaytime, by keeping their wings mostly 
erect when at rest (fig. 73 c\ by having club-shaped antennae, 
and by having a chrysalis ( b) % which is almost always naked and 
angular, and is generally attached to some solid object by silken 
threads variously disposed. 

The Moths (fig. 74) are mostly active during the night-time, 
when they are said to be nocturnal. Many of them, however, 
are “crepuscular” — that is to say, they are active during the 
hours of twilight ; and a few come out in broad daylight and- 
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in the brightest sunshine. The pupae or chrysalides are never 
angular, as in the case ofdhe butterflies. 



Fig, 74. — Goat-moth (Cass us ligniperda ) and caterpillar. 


Order X. Hymenoptera. — In this order all the four wings 
are present, as a rule, and they are all membranous in texture, 
with few nervujpes (fig. 75). The mouth is always furnished 
with biting-jaws or mandibles, but often is adapted for suction 
as well. The females have the extremity of the abdomen fur- 
nished with an instrument connected°with the process of laying 
eggs (ovipositor) ; and in very many cases this becomes the 
powerful defensive weapon known as the sting. The meta- 
morphosis is complete. 

The Hymenoptera form a very extensive order, comprising 
the Bees (Apidd), the Wasps ( Vespidee ), the Ants (. Formicida ), 
the Saw-flies ( Ttnthredinidce, fig. 75), and the Ichneumons. 
The bees, wasps, and ants are well known as forming social 
’ communities^ though solitary members of the two foAner 
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families are Very, common. These organised communities 
exhibit many phenomena which are almost of romantic interest, 
but space will not allow any description of them here. It is 






Fig. 75. — Gooseberry Saw-fly {Tenthredo grostulari<e) % 
larva, pupa, and imago 



sufficient to say that in all these cases the bulk of the com* 
munity is made up of undeveloped barren females or “workers/’ 
presided over by a single fertile female or “ queen.” The males* 
are only produced at certain seasons, and they have no other 
function to perform than* that of fecundating the females, after 
which they either die or are killed by the workers. 

Order XI. Strepsiptera. — This is an extremely small 
order of insects, which merely requires to be mentioned. It 
includes only certain minute parasites, which are found on bees 
find other Hymenoptera . The females are destitute of wings or 
feet, and are merely soft worm-like grubs. The males are 
adtive, and possess a single pair of large membranous wings - 
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Unlike the Diptcra, it is the posterior pair of wfngs which, is 
ptresent, and the anterior pair is quite rudimentary, and is only 
represented by curious twisted filaments, from which the name 
ofAhe order is derived. 

Order XII. Coleoptera. — The twelfth and last order of 
insects is that of the Coleoptera , including the well-known 
insects familiar to every one under the name of " beetles.” 
The leading peculiarity of the Coleoptera is to be found in 
the fact, that though all the four wings are present, only the 
posterior pair are membranous, and perform the function of 
wings. The anterior pair of wings are no longer capable of 
being used in flight, but are hardened by the deposition of 
chitine, and constitute protective cases, which coyer the hind 
wiqgs, and are known as " elytra” (Gr. elutron, a sheath). The 
mouth in all the beetles is masticatory, and is furnished with 
biting and chewing jaws. 



Fig. 76. —Coleoptera. a Rose-chafer ( Cetonia aurata) and larva ; 
b Vine- weevil ( [Curcttiio sulcatus ). 

The larva* of the beetles are all worm-like grubs, with mas- 
ticatory mouths, and they all pass through a complete meta- 
morphosis, generally requiring a protracted period for its 
completion. The known number of different kinds of beetles 
' Cannot be estimated with any certainty, but it is. probably little 
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short of 50,000 species, and this estimate*has been doubled’by 
some writers. They are, as a gerysral rule, remarkable for 
their hard chitinous skin, their glittering, often metallic, colours, 
and their voracious habits, though many of, them feed upon 
vegetable matters. 


Tabular View*of the Divisions of the Annulosa. 

Division A. Anarthropoda. — Locomotive appendages not dis- 
tinctly jointed or articulated to the body. 

Class I. Gephyrea. — Ex . Spoon-worms (Sipunculus). 

Class II. Annelida. 

Order a. Hirudittea . — Ex. Leeches (Hirudo). 

Orders. Oligochata . — Ex. Earth-worms (Lumbricus). 

Order c . Tubicola. — Ex. Tube-worms (Serpula). 

Order d. Errantia . — Ex. Sand- worms (Nereis). 

Class III.— Chatognatiia.— Ex. Sagitta. 

Division B. Arthropoda. — Locomotive appendages jointed to 
the body. 

Class I. Crustacea. 

Order a. Ichthyophthira. — Ex. Lemea. 

Order b. Cirripedia. — Ex. Acorn-shells (Balanus). 

Order c. Ostracoda. — Ex. Cypris. 

Order*/. Copepoda . — Ex. Cyclops. 

Order e. C la doc era. — Ex. Daphnia. 

Order/! Phyllopoda. — Ex. Apus. 

Order g. Trilobita. — Ex. Angelina. 

Order" h. Merostomata. — Ex. King-crabs (Limulus), Euzypterida. 
Order/. Lcemodipoda . — Ex. Whale-louse (Cyamus). 

Order/ Isopoda . — Ex. Wood-lice (Oniscus). 

Order A Amphipoda . — Ex. Sand-hopper (Talitrus). 

m Order /. Stomapoda Ex. Locust-shrimp (Squilla). 

Order m. Decapoda. — Ex. Lobsters (Homarus), Hermit-crabs 
(Pagurus), Crabs (Cancer). 

Class II. Arachnida. 

Order a. Podosomata . — Ex. Sea-spiders (Pycnogonum). 

Order b. Monomerosomata. — Ex. Mites (Acarida). 

Order c. A delarth rosomata . — Ex. Harvest-spiders. 

Order d. Pedipalpi. — Ex. Scorpions (Scorpio). 

Order e. Araneida . — Ex. House-spiders (Tegenaria). 
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Class IIL Myriapoda. 

Order a. Chilopoda. — d$x. Centipedes (Scolopendra). 

Order b . Chilognatha. — Ex. Millipedes (lulus). 

Class IV. Insecta. 

Orders. Anoplura . — Ex. Lice (Pediculus). 

Order A Mallophaga. — Ex. Bird -lice. 

Order c . Thysattura . — Ex. Spring- tails (‘frodura). 

Order d. Ilemiptera. — Ex. Plant-lice (Aphides). 

Orders. Orthoptera . — Ex. Cockroaches (Blattina). 

Order f Pfeuroptera. — Ex. Dragon-flies (Libellulidae). 

Order g. Aphaniptera. — Ex. Fleas (Pulex). 

Order h. Dipt era. — Ex. House-flies (Musca). 

Order i. Ixpidoptera . - — Ex. Butterflies and Moths. 

Order j. Hymenoptera . — Ex. Bees and Wasps. 

Order k. Strepsiptera . — Ex. Stylops. r 

Order/. Coleoptera. — Ex. Cockchafers (Melolontha), Stag- 
beetles (Lucanus), Weevils (Curculio). 
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SUB-KINGDOM V. MOLLUSCA. 
CHAPTER XIX. 

Sub -kingdom Mollusca. — The Motlusca (Lat. mollis , soft), 
as implied by their scientific name, are mostly soft-bodied 
animals; but? their popular name of “ shell-fish” expresses the 
fact that their soft body is usually protected by an external 
skeleton or “shell” All the Mollusca are furnished* with a 
distinct alimentary canal, which is completely shut off from the 
general cavity of the body (fig. 77, a ). There is sometimes no 
distinct blood-circulatory apparatus; but when there is, its cen- 
tral portion (/. *., the heart) is placed upon the dorsal aspect of 



/ f* 


Fig. 77.— Diagram of a Mollusc, a Alimentary canal ; h Heart , f Foot ; 
n Cerebral ganglion ; n r Pedal ganglion ; n " Parieto-splanchnic ganglion. 

the body. The chief peculiarity, however, of the Mollusca is 
found in the nature of the nervous system. In the lower forms 
(fig. 78, 2 d) y the nervous* system consists essentially of a single 
ganglionic mass, giving off filaments in various directions. In 
the higher Mollusca (fig. 77, n) t the nervous system consists of 
three scattered ganglia, united to one another by nervous cords. 
One of these ganglia is placed above the gullet or oesophagus, 
and is known as the “ supra-oesophageal ” or “ cerebral ” gan- 
glion. A second supplies nerves to the great locomotive organ 
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of most Molluscs, the “foot,” and is therefore called the 
“ pedal " ganglion. The^hird is known by the cumbrous name 
pf the “ parieto-splanchnic ” ganglion, because it supplies ner- 
vous filaments fo the walls (parietes) of the body, and also to 
the internal organs ( splanchna )• In all the higher Molluscs it 
is this scattered condition of the nervous masses which distin- 
guishes them so sharply from all other ani$nals. Distinct re- 
spiratory organs may or may not be present, and they may 
be adapted for breathing air directly or through the medium 
of water. All the higher Mollusca are simple animals, and 
perpetuate their kind by means of the sexes, but many of the 
lower forms have the power of producing colonies by continu- 
ous gemmation, much as we have formerly seen in the Hydroid 
Zoophytes. * 

The digestive system in all the Mollusca consists of a mouth, 
gullet, stomach, intestine, and anus, with the exception of a fe.w 
forms in which the intestine ends blindly. In some the mouth 
is surrounded by ciliated tentacles ( Polyzoa , fig. 79) ; in others 
it is furnished w-ith two long ciliated arms (. Brachiopoda , fig. 82); 
in the bivalves (. Lamellibranchiatd ), it is mostly furnished with 
four membranous processes or “palpi” (fig. 83,/); in others 
it is furnished with a complicated toothed organ or “ odohto- 
phore ” ( Gasteropoda , fig. 86, and Pteropoda)\ and lastly, the 
Cephalopoda , in addition to an odontophore, possess horny 
mandibles, forming a kind of beak, very like that of a parrot. 

The blood is colourless, or nearly so. In the lowest class of 
the Mollusca ( Polyzoa ) the circulation is carried on by means 
of cilia, and there is no distinct heart nor any definite course of 
the circulating fluid. In the sea-squirts (Tunicata) there is a 
distinct heart, but the structure of this is very simple, consisting 
of a mere tube, open at both ends, so that the course of the cir- 
culation is periodically reversed. In the higher Mollusca there 
I i$ a distinct heart, consisting of two chambers, of which one 
\ (the auricle ) receives the aerated blood from the gills, whilst the 
other (the ventricle ) drives it through the body. 

Respiration is very variously effected amongst the Mollusca . 
In the Potyzoa (fig. 79) respiration is discharged mainly by the 
crown of ciliated tentacles surrounding the mouth. In the sea- 
squirts (fig. 80) respiration is effected by a greatly-developed 
pharynx, which is perforated by numerous ciliated apertures. 
In the lamp-shells and their allies ( Brachiopoda , fig. 82$ the 
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long ciliated arms which spring froip the sides of the mouth 
seem to be the main agents in respiration. In the Bivalve shell- 
fish, the cuttle-fishes, and most of the Univalve§, the breathing- 
organs are in the form of gills or branchiae, adapted for breath- 
ing air dissolved in water. In the remainder of the Univalves 
(*•&, snails and slugs) the breathing-organs are adapted for 
breathing air direotly, and . have the form of an air-chamber or 
pulmonary sac, produced by the folding of a portion of the 
mantle. The air is admitted to the chamber by a round open- 
ing situated on the side of the neck, and capable of being closed 
at will. The lining membrane of the chamber is richly sup- 
plied with blood-vessels, and thus the necessary purification of 
the blood is carried out. 

In accordance with the scattered or rudimentary condition of 
the nervous system, the Mollusca are not characterised by acute- 
ness of senses, nor by ally great power of locomotion. Organs 
of sight exist in some of the lower and many of the higher 
Mollusca , attaining in the cuttle-fishes (fig. 90) an extremely 
high type of organisation. The common Bivalve shell-fish, 
such as the scallop, possess numerous simple eyes placed along 
the margins of the mantle, but in many cases even these are 
absent. Locomotion is very variously effected, but seldom with 
much vigour or activity. The lowest classes of the Mollusca 
are in the great majority of instances fixed when adult. The 
common Univalve shell - fish, such as whelks, snails, slugs, 
&c., creep about slowly by means of a flattened disc, developed 
on the under surface of the body, and known as the " foot." 
Other Univalves and many Bivalves can effect short leaps by 
means of the foot ; but many of the latter are permanently fixed 
to solid objects, or buried in the sand. The minute Mollusca , 
known as the Pteropoda (fig. 89), swim freely at the surface Qf 
the ocean by means of two fins, formed by a modification of the 
foot, and attached to the sides of the head. The only Molluscs 
which enjoy really active powers of locomotion are the preda- 
cious cuttle-fishes, which swim rapidly by means of fins, or by 
ejecting a jet of water from the cavity of the mantle, and which 
can also creep about by means of the"** arms " placed round the 
mouth (fig. 91). 

The last feature in the Mollusca which requires to be ment 
tioned is the 11 shell.” The shell is pot invariably and univer- 
sally present in the Mollusca ^ many being either destitute of a 
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shell altogether, or having one so small that it would not com- 
monly be recognised as such. In these cases, as in the common 
slugs, the aninvil is said to be “ naked." In all the Mollusca 
which possess a shell, this is secreted by the integument, or by 
what is technically called the mantle ; and in all cases it is com- 
posed of carbonate of lime. The methods in which the lime is 
arranged differ in different cases ; but all living shells have an 
outer covering of animal matter, which is known as the " epi- 
dermis.” In a great many of the higher Mollusca , such as the 
whelks, periwinkles, snails, and others, the shell consists of only 
a single piece, when it is said to be 11 univalve.” In many 
others, such as oysters, *mussels, scallops, &c„, the shell is com- 
posed of two pieces, and is then said to be 44 bivalve.” In a few 
forms the shell consists of several pieces, and it then said to 
be “ multivalve.” The more important variations in the shells 
of the Mollusca will be noticed in speaking of the different 
classes of the sub-kingdom. 

In accordance with the nature of the nervous system, the 
Mollusca are divided into two great divisions, known respec- 
tively as the Molluscoida and Mollusca proper. In the Mollus- 
coida the nervous system consists of a single ganglion, or prin- 
cipal pair of ganglia, and there is either no circulatory organ 
or an imperfect heart. In this division are included the three 
classes of the Sea-mosses {Poly sod), the Sea-squirts (Tunlcata), 
and the Lamp-shells and their allies {Brachiopodd). In the 
Mollusca proper the nervous system consists of three principal 
pairs of ganglia, and there is a well-developed heart, consisting 
of at least two chambers. Under this head come all the ordi- 
nary forms of shell-fish. 
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CHAPTER XX. 

MOLLUSCOIDA. 

Class I. Polyzoa. — The members of this class are the lowest 
of all the Mollusca , and they are generally known by the popu- 
lar names of • Sea-mosses” and " Sea-mats.” They^are invari- 
ably compound, forming associated growths or colonies, each 
consisting of a number of distinct but similar zooids, produced 
by gemmation from a single primordial individual. The colo- 
nies thus produced are very generally protected by a horny or 
chitinous integument, and they are so like theHydroid Zoophytes 
that they were long described as such. The only absolute dis- 
tinction between the two classes is to be found in the internal 
structure of the zooids of each ; but they may be generally 
separated by the fact that the separate cells in a compound } 
Hydroid are all united to one another by means of a common ! 
flesh or coenosarc; whereas in the Polyzoa the separate cells 
composing the colony are merely connected externally, butj 
very rarely have any direct communication with each other. 
The separate beings or zooids which collectively constitute the 
colony of any Polyzoon are spoken of as “ polypides,” — the 
term polypite being only used in connection with the Hydrozoa , 
and the term polype being similarly restricted to the Actinozoa. 

Each polypide in a typical Polyzoon has the following struc- 
ture (fig. 78, 2) : The body of the animal is enclosed in a 
double- walled .sac, of which the outer layer is usually chitinous 
or calcareous, and constitutes a "cell” in which the zooid is 
contained. This outer layer is known as the " ectocyst. ”*to 
distinguish it from the ectoderm of the Coelenterata . The 
cell, thus formed, is lined by a much more delicate membran- 
ous layer, which is known as the “ endocys t.” This membran- 
ous sac, formed by the endocyst, is pierced by two openings. 
One of these is the mouth, and it is always surrounded by a 
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circle or crescent of hollow ciliated processes or°tentacles (fig. 
78, 2 a). These ciliated* tentacles serve partly as r espiratory 
.Organs, and partly to set up a current of water by which float- 
ing particles o£ food are brought to the mouth. The mouth 
and tentacular crown can be partially or completely pulled into 
the sac by means of a muscle which is fixed to the gullet 
(2 g). The mouth leads into a gullet, sfnd^that again into’ a 



Fig. 78. — Morphology of Polyzoa. x. Fragment of one of the Sea-mats (Flustra 

truncata), magnified to show the cells. 2. Diagram of a single polypide of a 
PolyzoOn (after Allman) : a Mouth surrounded by the ciliated tentacles ; b 
Alimentary canal ; c Anus ; d Nervous ganglion ; e Investing sac or '* ectocyst ; ” 
// Reproductive organs ; g Muscle. 3. Bird’s- head process. 


stomach, sometimes with a muscular gizzard between. From 
the stomach proceeds an intestine of variable length, which 
terminates by a distinct anus at the upper part of the sac 
(2 c)s On one side of the gullet, between it and the anus, is 
placed a single nervous ganglion {d). Distinct reproductive 
organs {//) are also present, and the whole cavity of the sac is 
filled with fluid. From the above description it will be evident 
that the typical polypide of a Polyzoon differs from the polypite 
of a Hydrozoon in having a distinct alimentary canal suspended 
freely in a body-cavity, and having both a mouth and vent, in 
having a distinct nervous system, and in having the reproduc- 
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tive organs Contained within the body. On the other hand, in 
the Hydrozoa, there is no alimentary canal distinct from the 
body-cavity, there is no nervous system, and the reproductive 
otgans are in the form of external processes of ftie body-wall. 



Fig. 79. — 1. Fragment of Flustra truncata, one of the Sea-mats, natural size. 2. 
A single polypide of Valkcria % magnified, showing the circular crown of tenta- 
cles. 3. A polypide of Lofihojms cryslallinus , a fresh-water Polyzoon, highly 
magnified, showing the horse-shoe- shaped crown of tentacles : a Tentacular 
crown; b Gullet ; c Stomach ; d Intestine ; e Anus ; g Gizzard ; k Endocyst ; / 
Ectocyst 


The foregoing gives the essential structure of the polypide 
of any Po/yzoon , but in nature this simplicity is lost. In all 
cases in nature the primitive polypide possesses the power of J 
producing fresh zooids by a process of budding; and these.' 
zooids remain attached to one another, so that ultimately there 
is produced a compound growth or colony. Further, in almost 
all the Polyzoa % the ectocyst or outer layer of the polypide is 
more or less hardened by the deposition in it of chitine or of 
carbonate of lime. The skeletons thus formed are the parts of 
the colony which are most familiarly known, and in the case 
of the common sea-mats (fig. 79, 1) they are very well known 
to £ea-side visitors, and are generally regarded as sea-weeds. 
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Examined in it§ dead state, such a skeleton dbly shows a 
number of little horny chambers or cells (fig. 78, 1), each with 
a little aperture. When alive, however, each of these cells was 
tenanted by a sihgle zobid or polypide, capable of protruding 
its ciliated head from the aperture, and of again retiring within 
it, if alarmed. The skeleton is, in some cases, furnished with 
curious organs, which are known as “ bfird’$-head processes” 
(fig. 78, 3), from their resemblance to the beak of a bird. The 
parts of this beak keep constantly snapping together, very much 
like the little pincer-like organs called “ pedicellariae” in the 
sea-urchins and star-fishes ; but it is difficult to see what service 
they perform. They continue their movements long after the 
death of the polypides, and this appears, in some cases, at any 
rate, to be due to a peculiar system of nerves known as the 
“colonial” nervous system. In addition, namely, to the single 
ganglion with which each polypide is furnished, it has been 
shown that in many forms the zooids composing the colony are 
united together by a well-developed nervous system, and are 
thus brought into organic connection with one another. 

The vast majority of the Polyzoa are fixed, and thus assume 
a very plant-like appearance. There is one fresh-water species, 
however (viz. Cristatella ), in which the colony can creep about 
upon a flattened base very like the foot of a slug. In this 
same form, also, alone of all the Polyzoa , there is not any outer 
covering or ectocyst to the polypides. 

The Polyzoa are partly inhabitants of the sea and partly of 
fresh water, and they are thus divided into two groups which 
differ from one another very much in anatomical structure. In 
most of the fresh-water Polyzoa the tentacles are borne upon a 
crescentic disc or stage (fig. 79, 3), so that the crown of tentacles 
assumes the shape of a horse-shoe. In almost all the marine 
forms, on the other hand, the tentacles (fig. 79, 2) are simply 
arranged in a circle. » • 

All the Polyzoa are hermaphrodite, each polypide being fur- 
nished with the reproductive organs proper to the two sexes. 
The eggs are simply liberated into the perivisceral cavity, where 
they are fertilised; but it is uncertain how the fertilised ova 
escape into the external medium. Besides true sexual repro- 
duction, and besides the power of producing colonies by con- 
tinuous budding, fresh individuals can be produced in many 
cases by a process of discontinuous gemmation. 
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Class II.*Tunicata. — The members of this class are not un- 
commonly called Ascidian MollusA (Gr. askos, a wine-skin) 
from the resemblance which many of them exhibit in shape to 
a two-necked leather bottle (fig. 80, 2). Tliey are popularly 
known as u Sea-squirts/' from their power of forcibly ejecting 
water from the orifices of the bottle. Their scientific name, 
again, of Tuniccga? is derived from the fact that the body is 
enveloped in a leatheiy ^elastic integument, which consists of 
different layers, and which takes the place of a shell. The outer 
covering of the animal is of a gristly*or leathery consistence, and 
is known as the 44 test.” It is remarkable for containing a con- 
siderable proportion of a substance apparently identical with 
cellulose t which is one of the most characteristic of all vegetable 
products. The test is lined by a second coat, which is highly 
muscular, and confers upon the animal its power of contracting 
itself and squirting out water. Of the two necks which are 
placed at the anterior end of a simple Ascidian (fig. 80), one 



Fig. 80. — Morphology of Tunicata. 1. Diagram of a Tunicary (after Altman) : a 
Oral aperture ; b Atrial aperture ; c Respiratory sac, with its rows of ciliated 
apertures ; d Alimentary canal ; e Anus \f Cloaca or atrium ; g Nervous ganglion, 
a. A simple Ascidian ( Cynthia papillosaj. 

is perforated by the aperture of the mouth, whilst the other 
serves as an excretory aperture. These two apertures are known 
respectively as the " oral ” and “atrial ” apertures. 

•The oral aperture (of "is usually furnished with a circle of 
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Srsmall non^retractile t entacles, and opens into a grlat chamber 
known" by various^najnes,® but best as the “ resp irator y sac«” 
This sac occupies the greater part of the cavity of the body 
(fig. 8o, i c\ and has its walls perforated by numerous apertures, 
the [ Sides of which are ciliated. At the bottom of the respira- 
tory sac is a second opening (the mouth of some writers) which 
leads by a short gullet into a capacious storflacji ( d ). From the 
stomach an intestine is continued to terminate by a distinct 
anus, which does not communicate directly with the exterior, 
but opens into a second grdht chamber, known as the “ cloaca n 
or “ atrium " (*). The cloaca, in turn, opens on the exferioFby 
the second or atrial aperyjre in the test (if). These two great 
chambers — namely, the respiratory sac and the cloaca — occupy 
the greater part of the body-cavity, and where their.walls come 
into contact, a free communication is established between the \ 
two by means of the ciliated apertures already spoken of as per- i 
forating the respiratory sac. The cilia which fringe these aper- 1 
tures all work towards the cloaca, and thus a constant current | 
of water is caused to set in by the oral aperture, through the 
respiratory sac, into the cloaca, and out again by the atrial aper- 
ture. In this way respiration is effected, the walls of the re- 
spiratory sac being almost made up of blood-vessels. A distinct 
heart is present in all the Tunicata , but it has a very simple 
structure (i h). It consists of a simple tube, open at both 
ends, and not provided with valves. In consequence of this, 
the circulation in the majority of Tunicaries i§ periodically 
reversed, the blood being driven for a certain number of con- 
tractions in one direction, and then propelled for a like period 
in an opposite direction ; so that “the two ends of the heart are 
alternately arterial and venous.** 

• The nervous system in the Tunicata consists of a single 
ganglion placed on one side of the oral aperture. . 

With one or two exceptions all the Tunicata are hermaphro- 
dite, the organs of reproduction being situated in a fold of the 
intestine, and opening into the cloaca. The embryo is at first 
free, and swims about by means of a long tail, so that it pre- 
sents considerable resemblance to the tadpole of a frog. 

The Tunicata are all marine, but differ a good deal from one 
another in form. In the so-called “simple” Ascidians the 
animal has the shape figured above, and is fixed to some solid 
object by one end of the test In the “social” Ascidians the 
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organism consists of a number of zooids, produced by continu- 
ous budding, and connected fry a rnm mon tubythrough 

whic h the bloH r^ rnlat ^ g In the so-called “_con>E^nd ” 
Ascidians the tests are fused together into a commongelatinous 
mass, in which the individuals are imbedded in groups. Some 
of the Tunicata are oceanic — that is to say, are found floating 
or swimming at # thfe surface of the open ocean — and some 
exhibit the phenomenAn of phosphorescence. 

In the foregoing description it has been found impossible to convey 
even the most elementary outline of the anatomy of a Tunicate without 
having recourse to technical terms. There still remain a few points of 
homology which should be mentioned. Iq the foregoing, the so-called 
“ oral aperture ” of the animal has been regarded as truly the mouth , 
this being the simplest view, and the one held by Professor Huxley. 
Upon this view the 14 respiratory sac,” into which the mouth opens, 
must be regarded as a greatly-developed pharynx (*.<?., the upper portion 
of the alimentary tube). Similarly, on this view, the tower aperture of 
the respiratory sac will have to be regarded as the opening of the gullet. 
By Professor Allman, again, the respiratory sac is looked upon as 
formed by a great modification of organs corresponding to the ciliated 
tentacles of the Polyzou, so that the lower aperture of the respiratory sac 
is the true mouth . Lastly, by Professor Rollcston the respiratory sac 
is looked upon as corresponding to the gills of the bivalve shell fish 
( La met libra nchiata ) , and the oral and atrial apertures are regarded as 
corresponding to the 44 respiratory siphons ” of these same animals. On 
this view, the lower aperture of the respiratory sac is again looked upon 
as the true mouth. The question cannot be regarded as settled, and 
Huxley’s view has been here adopted merely as being the most readily 
intelligible to learners. 

Class III. Brachiopoda. — The members of this class are 
little known to the general public, beings all marine, often in- 
habiting considerable depths in the sea, and being much more * 
abundantly represented by fossil forms than by living examples. 
They, are often placed # with the ordinary Bivalve shell- fish 
C Lamellibranchiata ), in consequence of their universally pos- 
sessing a shell composed of two pieces or valves (fig. 81), but 
they are really of a much lower organisation. In their essential 
structure they show many points of affinity to the Polyzoa, but 
they are always jsimple animals, pgver forming colonies, and 
they.a}.waya.haYieiA b.iyjdye shell The two pieces of which the 
shell is composed are always placed one in front and one be- 
hind, so that they are 44 ventral f# and " dorsal,” and not 44 right M 
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'and “left* as in the true Bivalves, The two valveS of the shell 
Sure also always slightly, and sometimes greatly, 
different to one another in size, so that the 
•hell is said to be “ inequivalve .” The ven- 
tral valve is usually the largest, and often 
possesses a prominent curved beak, which is 
generally perforated by an aperture through 
which there passes a mtiscular stalk by means 
of which the shell is attached to some solid 
object In some cases, however, as in Lingula 
(fig. 8i), the stalk of attachment simply passes 
between. the valves, and is not transmitted 
through a distinct aperture. In other cases 
the shell is simply attached by thp substance 
of the ventral valve. 

The inner surface of the valves of the shell 
is lined by expansions of the integument, 
which are called the “ mantlg -lobes,” and 
which secrete the shell. T fie digestive organs 
and muscles occupy a small space near the 
apex or “beak” of the shell, which is parti- 
tioned off by a membranous partition, per- 
forated by the aperture of the mouth. The 
Fi«. 81 .—Lingula remainder of the cavity of the shell is almost 
anatina , showing filled by two long processes, derived from the 
the muscular stalk s \d GS 0 f the mouth, fringed with lateral 

is attached. branches, and termed the “arms (fig. 82, 1). 

These arms are usually closely coiled up, and 
serve to obtain food for the animal. It is from these organs 



Fig. 8a.— 7 'erebratula vitrea. z. Showing the ciliated “ arms.” a. Showing 
Vhe shell with its loop for the support of the arms. (After Woodward.) 

m 

that the name of the class is derived (Gr. brachion , arm ; and 
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poda % feet). The arms also ser ve as respiratory organs, and in 
many forms they are supported on arf internal calcareous frame- 
work or skeleton, sometimes called the •‘carriage-spring ap- 
paratus .’ 9 

The mouth is placed between the bases of the arms, and is 
not furnished with any apparatus of teeth. It conducts by a 
gullet into a distinct stomach, surrounded by a well-developed 
gXamilar. lfoer. The intestine may or may not be furnished with 
a distinct anus, but in no case does it open into the body-cavity. 
Within the lobes of the mantle there is a remarkable system of 
branched tubes, which commence by blind extremities, and 
finally communicate with the mantle-cavity by means of cer- 
tain organs which were formerly believed to be hearts, and are 
now known as “ pseudo-hearts.” This system of tubes appears 
to be mainly, if not entirely, connected with reproduction. A 
true he art, however, is present in most, if not in all, of the 
Brachiopoda. 

The nervous system consists of a single principal ganglion, 
connected in some cases with others so as to form a collar 
round the commencement of the gullet. In some cases, how- 
ever, the nervous system appears to be very rudimentary. 

The sexes appear to be sometimes distinct and sometimes 
united in the same individual. The embryo, in some cases, at 
any rate, is locomotive, moving from place to place by means of 
the ciliated arms or by ventral spines. 
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CHAPTER XXL 

MOLLUSCA PROPER. 


The higher Mollusca or flfollusca Proper comprise those mem 
bers of the sub-kingdom in which the nervous system consists of\ 
three principal pairs of ganglia ; and there is always a well- 
developed heart , consisting of at least two chambers . 

In this division are included the following classes : — 

1. Lamellibranchiata , without a distinct head. 

2. Gasteropoda , v . , . 

Pteroboda > Wlta a distinct “ eac ^ anc * a masticatory 

4! Cephalopoda, ) apparatus or " odontophore." 


Class I. Lamellibranchiata. — These are well known as 
Bivalve shell-fish, such as mussels, oysters, scallops, &c., and 
they are all either marine or inhabitants of fresh water. They 
are distinguished from the other Molluscs by having nd distinct 
head, and by having the body more or less completely protected 
by a bivalve shell composed of two pieces. They are called 
Lamellibranchiata from the fact that the organs of respiration 
are in the form of leaf-like g ills or _ b ran chiae , two of which are 
placed at each side of the body, constituting what is known in 
"the oyster as the 44 beard.” The body of the Lamellibranchiata 
is mofe or less completely enclosed in an expansion of the in- 
tegument which constitutes the “ man tle,” and which is divided 
into ' two halves or 44 l obes ,” which are"placed on the sides of the 
animal, and secrete the shell. The shell, therefore, of the true 
bivalves is composed of two valves, which are “right” and 
41 left,” and not " dorsal” and 44 ventral,” as in the Brach/opoda. 
Moreover, the valves of the shell are usually of the same size, 
so that the shell is “ equi valve ; ” and, lastly, the shell is more 
developed on one side than the other, so as to become 14 in- 
equilateral” (fig. 84, 2.) The lobes of the mantle are sometimes 
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quite free ; But at other times 
each other, and leave only two 
openings. Through one of 
these openings (the anterior) 
the “foot" is protruded (fig. 
83*/); and through the other 
pass the respirato r Jubes 
or siphons 4 \s). The 
foot in the bivalves is a 
muscular organ developed 
upon the lower surface of 
the body, but not forming a 
creeping flattened disc, as in 
the ordinary univalves. In 
many cases it is quite rudi- 
mentary ; and even when it 
is employed in locomotion it 
is usually small. Most gene- 
rally it is hatchet-shaped or 
pointed (fig. 83,/), and serves 
to enable the animal to make 
short leaps. In many cases 
— as in the common mussels 
— the foot is subsidiary to a 
special gland, which secretes 
a viscous fluid, which hard- 
ens rapidly on exposure to 
the air. This fluid is mould- 
ed by the foot into silky 
threads (the so-called “ bys- 
sus”), by means of which the 
shell is firmly fixed to some 
solid •object. Besides «the 

muscular foot f other muscles 


they are more or less united to 



are present as well in the 
Lamellibranchiata . Of these 
the most important are the 
muscles which close the shell, 
and are called the “ adduc - 
tffld , Jrm»scles. In one group 
of the bivalves (fig. 84, 3) 


Fig. 83. — Anatomy of a Bivalve Mollusc. 
My a artnaria (after Woodward). The 
left valve and mantle-lobe, and half the 
siphons are removed. * s Respiratory 
siphons, the arrows indicating the direc- 
tion of the currents ; a a Adductor mu*-, 
des; b Gills; h Heart; a Mouth, sur- 
rounded by (/^labial palpi ; / Foot ; p 
Anus; m Cut edge of the mantle. 
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there is only one aSductor muscle, but ordinarily there are 
two (fig. 84, 2). * These ntuscles leave distinct scars or “ mus- 
cular impressions" in the dead shell, so that it is easy to 
determine, how many were present in any given shell. The 
tttfcrgin’ Of the mantle, too, is muscular, and leaves upon the 
Shell a distinct line where it was attached, this being known as 
the “ pallial line” (Lat. pallium , a mantle)} as shown itf fig. 84. 

As regards the shell of the bivalves the following are the 
chief points to be noticed. Each valve of the shell (fig. 84) is 
to be regarded as essentially a hollow cone, the apex of which 
is turned more or less to one side. The apex of the valve is 
known as the “umbo” or “ beak,” and is turned towards the 
mouth of the animal. Consequently, the side of the shell to- 



3 

Fig. 84. — Shelia of Lamellibranchiata. z. Cyclas amnica t a shell with two ad- 
ductor muscles, and an “ entire ” mantle-margin, a. Tapes pullastra^ a shell 
with two adductors, and an indented pallial line. 3. Pertia epkippium f a shell 
‘with one adductor muscle: a Palli’il line ; b Scars left by the adductors; c 
Siphonal impression. 

wards which the beaks are turned is known as the “'anterior” 
side, and it is usually much shorter than the opposite or “ pos- 
terior” side. The side of the shell at which the beaks are 
situated is known as the “ dorsal ” margin ; and here the valves 
are united to one another for a longer or shorter distance along 
& line which is known as the “ hinge-line.” The union between 
the valves is usually effected by means of interlocking parts or 
“teeth,” and there is often a band of homy fibres passing be- 
tween the two valves just behind the beaks. In many cases 
there is also a series of horny fibres placed perpendicularly 
between the beaks, so as to be compressed when the shell is 
shut. By the elasticity of these, and of the external ligament 
when present, the valves of the shell are opened, without any 
effort of the animal, simply by relaxing the adductor muscles. 
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The valves at-e shut again by the contraction of the adductor 
muscle or muscles. § 

As already said, the margin of the mantle leaves on the shell 
a distinct impression — the “ pallial line ” — and*by inspection of 
this, important conclusions can be drawn in any given case as 
to the mode of life of the animal. In certain shells, namely, 
the pallial line (fig. 84., i) is unbroken or “ entire,” and in these 
the mantle-lobes were either quite free, or if attached to one 
another and drawn out into respiratory tubes, these were not 
furnished with special muscles by which the tubes could be 
retracted within the shell. In other bivalves, on the other 
hand (fig. 84, 2), the pallial line is indqpted to a greater or less 
extent, showing that the mantle-lobes were more or less united 
to one another, and were drawn out into long respiratory tubes 
or siphons, which were furnished with special muscles by which 
they could be withdrawn within the shell. This difference ex- 
presses a red! distinction amongst the bivalves, due to their 
mode of life. In all alike, the respiratory organs are in 
the form of membranous leaf-like gills, of which there are 
generally two on each side of the body. The gills are com- 
posed generally of tubular rods (fig. 83, b) richly supplied with 
blood-vessels, and covered with vibrating cilia. For the proper 
maintenance of respiration, however, it is necessary that the 
gills should be constantly supplied with fresh water. In those 
bivalves in which the animal is free and the mantle-lobes not 
attached to one another, this is effected without any special 
mechanism. In those forms, however, in which the animal 
lives buried in the mud and sand, and the mantle-lobes are more 
or less completely united, there are two orifices, one of which 
admits fresh water, whilst the effete water is got rid of through 
the other. These orifices, in the shells just spoken of, are ex- 
tended into two long tubes which are known as the “ respira- 
tory siphons.” The wates passes in by one siphon, is swept 
over the surface of the gills, and then reaches the mouth (fig. 
83, j s), when it is returned in the opposite direction to escape 
by the other siphon. The same current of water, therefore, 
both carries oxygen to the gills, and serves to convey food to 
the mouth. The two siphons may be quite distinct from one 
another, but they are very often united together so as to look 
like a single tube (fig. 83). They are often very small, and then 
they leave no traces of their existence in the dead shell ; but 

N 
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when they are very long, they are furnished with muscles to 
retract them within the sjjell, and it is the scar left by these 
muscles which causes the pallial line to be indented. This 
indentation, therefore, as seen in the dead shell, is an indi- 
cation that the animal possessed long retractile respiratory 
siphons, and lived, therefore, most probably imbedded in sand 
or mud. ° 

There is always a dis tinct h eart, composed of two or three 
chambers, and in all cases acting as a mere arterial heart. 
That is to say, the heart propels the aerated blood derived from 1 
the gills through the body, and has nothing to do with the pro- 
pulsion of the non-aerated or venous blood through the gills. 
There is never any distinct head in any of the Bivalves, and for 
this reason they are sometimes called the “ headless ’* {acepha- 
lous) Molluscs. The mouth is simply placed at the anterior end 
yf the body, and is never furnished with teeth, though usually 
provided with membranous processes or “naln i ” (fig. 83, p). 
The mouth opens into a gullet which conducts to a stomach. 
The intestine is convoluted, and .usually perforates, the ventricle 
of the heart, ultimately terminating in a distinct anus, which is 
always placed near the respiratory aperture. A large and well- 
developed liver is also present. 

The nervous system has its normal form of three principal 
masses — the cerebral, the pedal, and the parieto- splanchnic 
ganglia. 

The majority of the bivalve Molluscs have the sexes distinct, 
but they are sometimes united in the same individual. The 
young are hatched before they leave the parent, and, when first 
liberated, are ciliated and free-swimming. 

The habits of the Lamellibranchiata are very Various. Some, 
such as the Scallops {Pecten), habitually lie on one side, the 
lower valve being the deepest, and the foot rudimentary or 
wanting. Others are fixed to the bottom of the sea by the sub- 
stance of one of the valves. Others, such as the common Mussel, 
are moored to some foreign object by a tuft of silky fibres, con- 
stituting a “ byssus.’’ Many, such as the Gapers ( Mya ) and 
Razor-shells ( Solen ), spend their existence sunk in the sand of 
the sea-shore or the mud of estuaries. Others, such as the 
Pholades , bore holes in rock or wood, in which they live. 
Finally, many are permanently free and locomotive. 
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Class II. Gasteropoda. — This cfess includes an enormous 
number of Molluscs, such as the land-snails, sea-snails, whelks, 
limpets, slugs, sea-lemons, &c., which agree^in many funda- 
mental characters, but nevertheless present many striking dif- 
ferences. From the very common occurrence of a shell com- 
posed of a single piece, the Gasteropoda are often spoken of in 
a general way as the “^univalve ” Molluscs . In many, however, 
there is either no shell at all, or one so small that it would not 
\ generally be recognised as such ; and in a few the shell is com- 
posed of several pieces (“ multivalve *')• Cl n none, however, is 
the shell composed of two pieces or " bivalve/^ The great 
majority of the Gasteropoda are further distinguished by the 
great development of Jhe foot, which constitutes a broad flat- 
tened disc upon which they creep about, as may readily be 
observed in the common slugs. Some, however, have the foot 
much modified and adapted for swimming. In many cases’, 
also, the foot carries behind a horny or shelly plate which is 
known as the " o perculum ” (fig. 85, o), and which serves to close 
the shell when the animal is withdrawn within it. 



Fig. 85 —Gasteropoda. Ampt^laria canaliculnta % one of the Apple-shells; 
o Operculum ; s Respiratory siphon. 

The head in most of the Gasteropoda, unlike the Bivalves, is 
very distinctly marked out, and carries two long feelers, and 
two eyes, often placed upon stalks (fig. 85). "The mouth, also, 
differs from that of the Bivalves in being furnished with a 
singular apparatus of teeth, constituting what is known as the 
" odontonhore ” (fig. 86), or “ lingual ribbon.” This consists 
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essentially of a number of^silicious teeth, of different shapes in 
different species, supported upon a kind of strap which can be 
made to work backwards and forwards over a cartilaginous 
cushion, thus acting like a chain-saw. In addition to the 
odontophore there are sometimes horny 
jaws as well. The mouth leads by a gullet 
into a distinct stomach, *which sometimes 
is provided with calcareous plates for grind- 
ing down the food. The intestine is long, 
and always terminates in a distinct anal 
aperture. Distinct s alivary gla nds are 
usually present, and the liver is well de- 
veloped. 

A distinct heart is almost always present, 
and consists of two chambers, an auricle 

Fig. 86. — Portion of the and a ventricle. Respiration is very vari- 
lingua! ribbon of the ously effected — one great division being 
common whelk, magni- constructed to breathe air by means of water, 

fied (after Woodward). ^ respiration ,, 

aerial. In the former of these — often spoken of as the “bran- 
chiate” Gasteropods — respiration may be carried on in three 
ways, firstly, there may be n o special - breathing organ, the \ ( 
blood b ein g simply exposed to the action of the water, as it 
circulates through the thin walls of the mantle-cavity. Se- 
condly, the breathing organs may be in thejorm of outward 
processes^of the sk in, exposed to view on the back or sides of 
the -animal (fig. 88). Thirdly, the breathing organs are in the 
form of plume-like gills , contained in a more or less complete 
chamber, formed by a folding of the mantle. In many members 
of this group tfip water attains access to the gill-chamber by 
means of a tubular prolongation or folding of the mantle, form- 
ing a siphon (fig. 85, j), and often the effete water is expelled 
by another tube which is similarly constructed. In the ‘Second 
great section — often called the “pulmonate” Gasteropods — re- 
spiration is effected by a pulmo nary chamber or lung, formed 
by a folding of a mantle, and having air admitted to it by a 
distinct aperture. 

The sexes in the Gasteropoda are mostly distinct, but they 
are sometimes united in the same individual. The young, 
when first hatched, are always provided with an embryon ic 
sh$U> which may be entirely lost in the adult, or may simply 
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become concealed by a fold of th| nfantle.^ In the water- 
breathing forms the young is protected by a small nautilus- 
shaped shell, 'within which it can entirely withdraw. It is 
enabled to swim about freely by means of Asro ciliated lobes 
springing from the sides of the head, and in this stage it is 
very like the permanent adult condition of the Pteropoda (fig. 
90). 

As regards the shell of the Gasteropoda* the following points 
may be noticed. The shell is composed either of a single piece 
(univalve), or of a number of plates placed one behind the 
other (multivalve). 

The univalve shell is to be looked uppn as essentially a hollow 
cone, the apex of which is placed a little on one side. In the 
simplest forms, as in the Limpets, the conical shell is retained 
throughout life without any alteration. In the great majority 
of cases, however, the cone is considerably elongated, so as to 
form a tube, which may retain this shape (as in the “ tooth- 
shell”), but which is usually coiled up into a spiral. The 
"spiral univalve” may, in fact, be regarded as the typical form 



Fig. 87. — Gasteropoda, a Shell of the TurriUlla communis* showing a. round 
mouth ; b Shell of the common whelk ( Buccinum undatum ), showing the mouth 
notched for a respiratory siphon. 

of the shell in the Gasteropoda (fig. 87). The coils of the 
spiral are termed the “ whorls,” and are usually more or less 
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amalgamated on one side. f In most cases, too, the whorls are 
wound obliquely round a central axis or pillar, increasing gra- 
dually in size to the mouth. The last whorl is the largest, and 
is termed the u M Ody-who rl.” The mouth of the shell in many 
forms is unbrokenly round or " e ntire ” (fig. 87, a), and it is 
found that most of tl^ese shells subsist upon vegetable food, as, 
for instance, the common periwinkles. In titters, again (fig. 87, 
6 ), the mouth of the shell is notched or is produced into a canal, 
as in the common whelk, and it is found that these live upon 
animal food, or are 41 carnivorous.” There may be more than 
one of these canals or tubes, but they do not necessarily indi- 
cate the nature of the food, as their function is to protect the 
respiratory siphons. . 

The Gasteropoda are divided into a good many groups, of 
which the more important may be briefly noticed, the fore- 
going applying chiefly to the ordinary forms, which, therefore, 
need no further description. The remaining members of the 
water-breathing Gasteropods are divided into two sections, 
differing a good deal from the typical forms of the class in 


many respects. 

As examples of the first of these may be taken the sea-slugs 
and sea-lemons (N udibranchiata\ specimens of which may at 
any time be found creeping about on sea-weeds, or attached 
to the under surface of stones at low water. These slug-like 
animals (fig. 88) are wholly destitute of a shell when fully 

grown, but possess an embryonic 
shell when young. When there 
are any distinct respiratory or- 
gans, these are in the form of 
gills, placed, without any protec- 
tion, upon the back or sides of 

Fig. 88. — Nudibranchiato. Doris ^e body.. The head is furnished 
yoknsteni, one of the sea-lemons. with tentacles, which do not ap- 
pear to be used as organs of 
touch, but are more probably connected with the sense of 
smell; and behind the tentacles are generally two eyes. The 
nervous system is extremely well developed, and would lead to 
the belief that the sea-slugs are amongst the highest of the 
Gasteropoda. Locomotion is effected, as in the true slugs, by 
creeping about on the flattened foot. 

The last remaining group of the “ branchiate 9 ' Gasteropods is 
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that of the Heteropoda (fig. 89), comprising a number of curious 
forms which are found swimming at the surface of the open 
sea, instead of creeping about at the bottom of the sea. In 
order to adapt them for this mode of life, tlTe foot, instead of 
forming a creeping disc, is modified to for m a compressed fin 



t Tentacles ; b Gills ; s Shell ; f Foot ; d Disc (after Woodward). 

(f). The Heteropoda are to be regarded as the most highly 
organised of all the Gasteropoda , at the same time that they are 
not the most typical members of the class. Some of them can 
retire completely within their shells, but others have large 
bodies, and the shell is either small or entirely absent. In 
Carinaria , which may be taken as a good example of the group, 
there is a little limpet-shaped shell protecting the gills ( p ) and 
heart The animal swims, back downwards, by means of a 
vertically-flattened ventral fin ( f ), on one side of which is a 
little sucking-disc (d) t by which the animal can adhere at plea- 
sure to floating seaweed. Carinaria is found in the Mediter- 
ranean and other warm seas, and is so transparent that the 
course of the intestine can be seen along its whole length. 

Finally, a few words may be added on the “ air-breathing " 
Gasteropods, so well known as land-snails, pond-snails, and 
slugs. Though formed to breathe air directly, many of the 
members of this group inhabit moist places, or even live in 
fresh water. Our common pond-snails are good examples of 
the last They vary much in the condition of the shell — some 
having a well-developed shell, as in the common snails ; others, 
as the slugs, having a rudimentary shell concealed in the 
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ihantle; and others having no shell at all. They all creep 
about by means of a broad muscular foot ; and though they 
may inhabit water, they never possess gills or branchiae. 

It 

Class I II. Pteropoda. — This class is a very small one, and 
includes a number of minute oceanic Molluscs, which are found 
swimming near the surface in the open ocean, far from land, 
and often in enormous numbers. The organs of locomotion 
are two wing-li ke fin s (fig. 90) attached to the sides of the head, 



Fig. 90.— Pteropoda. a Cleodora pyramidata ; b Cuvicria columella . 

(After Woodward.) 

and formed by a modification of a portion of the foot. The 
body is usually protected by a symmetrical glassy shell (fig. 90), 
consisting of two plates united along theiredges, or in other 
cases forming a spiral. In some, however, there is no shell, 
and the body is quite naked. The head is rudimentary, and 
bears the mouth, which is furnished with an odontophore. The 
heart consists of an auricle and ventricle, and the respiratory 
organs are extremely rudimentary. The sexes are united in the 
same individual in all the Pteropoda . ' 

The Pteropoda occur, as already said, in the open ocean, and 
they are found in all seas from the tropics to within the arctic 
circle, sometimes in such numbers as*to discolour the water for 
many miles. Minute as they are, they constitute in high lati- 
tudes one of the staple articles of diet of the whale, and they 
themselves in turn are probably carnivorous, feeding upon small 
crustaceans and other diminutive creatures. Though all the 
livjpg forms are small, geology leads us to believe that formerly 
there existed comparatively gigantic forms, which appear to be 
truly referable to this class. 
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CEPHALOPODA. 


Class IV. Cephalopoda. — The last and highest class of the 
Mollnsca i$ that of the Cephalopoda , comprising the Cuttle- 
fishes, Calamaries, Squids, and the Pearly Nautilus. They are 


all inhabitants of the sea, and are 
all carnivorous ; and they are 
possessed of considerable powers 
of locomotion. At the bottom of 
the sea they can walk about, 
head downwards, by means of 
the arms (fig. 91), which surround 
the mouth, which are usually 
provided with numerous suckers, 
and which are really produced* 
by a splitting up of the margins* 
of the foot. It is from the pre- 
sence of these arms that the 
class derives its name (Gr. keph- 
ale t head ; and poda % feet). The 
Cuttle-fishes can also swim rap- 
idly, either by means of expan- 
sions of the skin coretituting 
fins, or by the forcible expulsion 
of water from the cavity of the 
mantle, the reaction of which 



causes the animal to move in the 
opposite direction. The ma- 
jority of the living Cephalopods. 


Fig. 91 . — Sepiola Atlantica , one of 
the Cuttle-fishes (after Wood- 
ward). L 


are naked, possessing only an internal skeleton, and thff often 


a rudimentary one; but the Argonaut (Paper Nautilus) atld the 
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Pearly Nautilus are profited by an external shell, though the 
nature of this is extremely different in the two forms. 

The body in the Cephalopoda is symmetrical, and is enclosed 
in an integumenPwhich may be regarded as a modification of 
the mantle of the other Mollusca. Ordinarily there is a toler- 
ably distinct division of the body into an anterior portion, car- 
rying the head, and a posterior portion, ih vjhich the internal 
organs are enclosed. The head (fig. 91) is very distinct, bearing 
a pair of large globular eyes, and having the mouth in its centre. 
The mouth is surrounded by a circle of eight, ten, or more, long 
muscular processes, or arms, which are generally provided with 
rows of suckers. Each sucker consists of a cup-shaped cavity, the 
muscular fibres of which converge to the centre, where there is 
a little muscular eminence or papilla. When the fucker is ap- 
plied to any surface, the contraction of the radiating muscular 
fibres depresses the papilla so as to produce a vacuum below it, 
and in this way each sucker acts most efficiently as an adhesive 
organ. The whole of this complex mechanism of suckers is 
completely under the control of the animal, and the irritability 
of the suckers is retained even for days after death. In most of 
the Cuttle-fishes ( Octopoda ) there are only eight arms, and these 
are nearly similar to one another (fig. 92). In others, however 
(fig. 91), there are ten processes round the mouth, of which 
eight are like each other, and constitute the true arms, whilst 
two — called tentacles — are much longer than the others, and 
bear suckers only towards their extremities, which are enlarged 
and club-shaped. The Paper Nautilus (fig. 93) has two of the 
arms webbed at their extremities and secreting a shell ; and the 

all living Cephalopoda, has numerous 
arms, more than ten in number, and destitute of suckers. 

The mouth leads into a cavity containing two powerful horny 
or partially calcareous jaws or mandibles, working vertically, 
vety like the beak of a bird, together with an " odontophore ” 
or ** tongue,” the hinder part of which is furnished with recurved 
spines. ^ This cavity leads by a gullet, furnished with salivary 
glands, into a stomach, from which an intestine is continued to 
terminate by a distinct anus, which opens on the ventral surface 
afcth* base of the so-called “ funnel.” The funnel is a muscular 
tube ftjaced on the under surface of the head, and 
itfw^e one handtjwith the external medium, and on the other 
immWm cavity of the mantle. In the Nautilus alone it is 
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simply formed of two muscular lob^, which are in apposition, 
but are not united together so as to form a 9 tube. In many 
cases there is also a special gland, known as the “ ink-bag,** for 
the secretion of an inky fluid, which the animal discharges into 
the water, so as to enable it to escape when menaced or pursued. 
The duct of the ink-bag opens at the base of the funnel near the 
anus, but the Pearly Nautilus and the allied fossil forms are 
without this means of defence, which the presence of an external 
shell renders unnecessary. 

The respiratory organs are in the form of plume-like gills, 
placed on the sides of the body in a branchial chamber, which 
opens in front on the under surface ofjthe body. In almost all 
the living Cephalopoda there are only two gills, one on each side, 
and hence tfeis section is known as that of the “ Dibranchiata? 
In the Pearly Nautilus alone there are four gills, two on each 
side, hence the name of “ Tetrabranchiata ” applied teethe order 
of which this is the only living representative. In the Cuttle- 
fishes, at the base of each gill is a special contractile cavity, 
called a " branchial heart,” by which the venous blood, returned 
from the body, - is driven through the gills. In addition to these 
branchial hearts there is a true arterial heart, by which the 
aerated blood received from the gills is driven through the 
body. The admission of water to the branchiae is effected by 
the expansion of the mantle, which allows the entrance of the 
outer water - into the mantle-cavity. The mantle then contracts, 
and the water is forcibly expelled through the funnel, which is 
often furnished with a valve, allowing the passage of water out- 
wards, but preventing its entrance inwards. By a repetition of 
this process both respiration and locomotion are simultaneously 
effected, for the jets of water expelled from the funnel by their 
reaction drive the animal in the opposite direction. In this case,* 
therefore, as in many others, the more active the animal is, the 
more*perfectly is the respiratory process carried on. 

The nervous system is formed upon essentially the same plan 
as in the other Mollusca, b ut the cerebral ga ngl ia are protected j 
b y a car tilage, which is to be regarded as a rudimentary skultf* 
This structure, therefore, is a decided approach to the Vertebrate 
type of organisation. , . , 

The sexes in all the Cephalopoda are in different individuals, 
and the reproductive process in the Cuttle-fishes is attended witk 
some singular phenomena. The most remarkable point in this 
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connection i s the modifica tion of one of t he arms of the male 
Cuttle-fishes. for*the purpose of conveyi ng t he male element to 
the female. The details of the modification vary "in different 
Species of Cuttlefish. In the species figured below ( Octopus 
carena, fig. 92), the third right arm is at first developed in a little 
bladder or cyst. After a time the cyst ruptures, when the meta- 
morphosed arm is liberated, and then appeals to be of much 



Fig. 9a.— -i. Octopus careua (male), showing cyst in place of the third arm. a. An 
individual, more developed, with the metamorphosed arm liberated from the 
cyst (<*). (After Woodward). 

greater size than the corresponding arm on the left side, and tot 
terminate in an oval plate (fig. 92, 2). This plate appears to j 
have the function of transmitting the sperm-cells to the female, 
but the arm itself remains permanently attached to the animal. 
In the Paper Nautilus ( Argonaut ) the process goes still 
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further. The % female of this species (fij*. 93)*attains a considerable 
size, and is protected by an external snell. TM male is not more 
than an inch in length, is devoid of a shell, and has its third 
left arm metamorphosed. This arm is developed in a cyst, and 
j is ultimately detached from the body, and deposited by the male 
j within the mantle-cavity of the female. When first discovered 
, in this position, it was described as a worm living parasitically 
on the Argonaut, under the name of “ Hectocotylus” (Gr. 
hekaton , a hundred ; kotulos , a cup), from the suckers or cups 
with which it was. furnished. Subsequently it was described as 
the entire male Argonaut ; and it is only recently that it has 
been proved to be nothing more than one of the arms of the 
male, detached for the purpose of conveying the sperm-cells to 
the female. # 

The shell of the Cephalopoda is sometimes external, some- 
times internal. The internal skeleton is seen in ttye various 
Cuttle-fishes, in which it is known as the "cuttle -bone” or 
11 pen.” It may be either horny or calcareous, and it is some- 
times complicated by the addition of a chambered portion. 
The only living Cephalopods which are provided with an ex- 
ternal shell are the Paper Nautilus {Argo nan fa) and the Pearly 
Nautilus {Nautilus pompilius ) ; but not only is the structure of 
the animal different in each of these, but the nature of the shell, 
itself is entirely different. The shell of the Argonaut (fig. 93)! 
is coiled into a spiral, but it is not divided into chambers, an df 
it is secreted..by thjLjvebbed extremities of two of the dorsafg 
arms of the female. These arms are bent backwards, so as to ' 
allow the animal to live in the shell ; but there is no organic 
connection between the shell and the body of the animal. The 
shell of the Pearly Nautilus, on the other hand, is secreted by 
the mantle, and is organically connected to the animal. It if 
coiled into a spiral (fig. 94), but it differs from the shell of the 
Argonaut in being divided into a series of chambers by means 
of shelly partitions, which are connected together by a tube or 
“ siphuncle,” the animal itself living in the last and largest cham- 
ber only of the shell. 

The Cephalopoda are divided into two extremely distinct and 
natural orders, termed respectively Dibranchiata and Tetra- 
branchiata , according as they have two or four gills or bran- 
chiae. 

The Dibranchiata comprise the Cuttle-fishes, Squids, Cala- 
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manes, and Paper ftautilus, and they are characterised by^ 
being almost invariably destitute of any external .shell; by; 
never having more than eight or ten arms, which are always! 
furnished with suckers ; by having only two gills, which arej 
provided with “ branchial hearts ; " by the possession of an! 
" ink-bag and by the fact that the “ funnel ’ l forms a complete} 
tube. They are divided into two sections -*-Octopoda and Deca- 
poda — according as they have only eight arms (fig. 92), or eight 
arms with two additional longer processes or “tentacles” (fig. 
91.) Amongst the Octopoda are the Paper,Nautilus and the 
Poulpes ( Octopus .) The Paper Nautilus is found in the wanner 
seas of various parts of the world, generally floating at the sur- 
face. The two sexes differ, as already said, greatly in external 
appearance. The female (fig. 93) inhabits a beautiful one- 



Fig. 93. — Argonaut* argo, the Paper Nautilus, female. The animal is repre- 
sented in fits shell, but the webb^dorsal arms are separated from the shell 
which they secrete, and which they ordinarily embrace. 

chambered shell, which is secreted fey the webbed extremities 
of two of the dorsal arms. The shell is not in any way attached 
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to the body'of the animal, but the weiJbed arms are turned 
backwards, and the animal sits in the shell’-with the funnel 
turned towards the keel. It swims by the jets of water emitted 
from the funnel, and crawls upon the sea-bo|Jtom, head down- 
wards, carrying its shell on its back. The male Argonaut is 
only about an ii^ph in length, has no shell, and has all its 
arms alike, except She one which is metamorphosed into the 
99 hectocotylus.” # The Poulpes ( Octopi ) are universally distri- 
buted in the seas of both temperate and tropical regions. 
They are the 99 polypi ” of Homer and Aristotle, and are vora- 
cious animals inhabiting rocky shores. 

The Decapoda are chiefly found in the open sea, often in 
enormous numbers, and the best known are the Calamaries and 
Squids. The body is elongated, and is always furnished with 
lateral fins*, with which they swim actively. The shell is in- 
ternal, and differs considerably in different members of the 
group. To this section of the Dibranchiatd belong the singular 
fossil forms which are known to the geologist as Belemnites. 
These singular forms are known almost solely by their com- 
plicated internal skeleton, and they appear to have abounded in 
the seas of the Secondary period. 

The second order of the Cephalopoda — that of the Tetra- 
branchiata — comprises forms characterised by being creeping 
animals, protected by an external many-chambered shell, the 
partitions between the chambers being perforated for the pas- 
sage of a membranous or calcareous tube, termed the M si- 
phuncle.” The arms are more than ten in number, and are 
devoid of suckers ; the gills are four in number, two on each side 
of the body; the funnel does not form a complete tube ; and there 
is no ink-bag. 

Though abundantly represented by many and varied fossil* 
forms, the only living member of the Tetrabranchiata with 
which we are acquainted js the Pearly Nautilus, which has long 
been known by its beautiful chambered shell. The shell of the 
Pearly Nautilus (fig. 94) is coiled into a spiral, and is many- 
chambered, the chambers being walled off from one another 
by curved shelly partitions or septa, perforated centrally by 
a foramen which transmits a membranous tube or siphuncle. 
The animal inhabits only the last and largest chamber of the 
shell, from which it can protrude its head at will. The function 
of the chambers of the shell is not very clearly understood ; 
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but it appears to be tftat of reducing the specific gravity of the 
shell to near that* of the Airrounding water ; since they appear 
to be filled with some gas apparently secreted by the animal. 
The siphuncle 4oes not communicate in any way with the 



Fig. 94. — The Pearly Nautilus (. Nautilus pompiltus). a Mantle ; 
b Its dorsal fold ; c Hood ; o Eye ; / Ten tacles \f Funnel. 


chambers of the shell, and its functions are also unknown, 
except that it must certainly serve to maintain the vitality of 
the shell. 

Of the fossil Tctrabranchiata the most important are the 


s 



Fig. 95. —Orthoctras exploratory i. Side view of a fragment, showing the edges 
of the septa, a. Transverse section of the same, showing the siphuncle (A 

Orthocerata and the Ammonites . The Orthocerata (fig. 95) 
played a very important part in the seas of the Palaeozoic or 
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Ancient-life •period of the earth’s history in which they appa- 
rently filled the place now taken by the predaoious cuttle-fishes* 
They agreed with the Nautilus in having a many-chambered 
shell, divided by curved partitions, perforated by a tube or 
siphuncle. The shell, however, differed from that of the Nat «- 
tilus in not being curved or coiled up, but in being straight. 
In other nearly alliqfi forms the shell was bent or even partially 
coiled up, but itever so completely as in the true Nautilus . 
Many of the Orthocerata were of small size, but some of them 
were colossal, shells having been found of six or seven feet in 
length and as thick as the body of a man. 

The Ammonites , with a number of allied forms of varied 
shapes and beautiful structure, Appeal* to have taken the place 
of the NautilidcBy to a great extent, in the seas of the Secondary 
period; at Vhich time, too, Dibranchiate Cephalopods first 
made their appearance. The true Ammonites resembled the 
Nautilus in having a many-chambered shell, which was coiled 
up into a spiral, but the position of the siphuncle was different, 
and the partitions or septa between the various chambers of the 
shell were wonderfully folded and lobed instead of being simply 
curved. The numerous beautiful shells allied to the Ammonites 
cannot be even mentioned here ; but it is to be remembered 
that they are almost all characteristic of the Secondary period 
in geology, and that they are hardly known as occurring in the ' 
older period (Palaeozoic epoch). 


Tabular View of the Main Divisions of the.Mollusca. 

Division A. Molluscoida. — Nervous system consisting of a 
single ganglion, or of a principal pair with accessory ganglia ; no 
distinct organ of the circulation, or an imperfect heart. 

Class I. Polyzoa . — Ex. Sea-mats (Flustra). 

ClAss II. Tunuata,~Ex. Sea-squirts (Ascidia). 

Class IIL Brachiopoda . — Ex. Lamp-shells (Terebratula). 

Division B. Mollusca Proper. — Nervous system consisting of 
three principal pairs of ganglia ; heart well developed, composed of at 
least two chambers. 

Class I. Lamellibranchiata. — Ex. Oyster (Ostrea), Mussel (Mytilus), 
Scallop (Pecten). 


o 
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C\pdk II. Gasteropodh. — Ex. Whelks (Buccinum), Periwinkles (Lit- 
torina), Limpets (Batella), S la-lemons (Doris), Land-snails (Helix). 

Class III. Piercpoda. — Ex. Cleodora. 

Class IV. Cephalopoda, 

Order a. Dibranchiata . — Ex. Calamaxy (Loligo), Poulpe (Octopus), 
Paper Nautilus (Argonauta). « 

Order b. Tetrabranchiata . — Ex. Nautilus, Amnfonites, Orthoceras. 
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CHAPTER X&III. 

GENERAL CHARACTERS OF THE VERTEBRATA. 

The five sub-kingdoms which we have previously considered— 
viz., the Protozoa , Ccclenterata, Annuloida, Annu/osa, and Mol- 
lusca — were grouped together by Lamarck into one great division 
which he termed the Invertebrata . The remaining sub-kingdom, 
that of the Vertebrata , is so well marked and compact a division, 
and its distinctive characters are so numerous and so important, 
that this . mode of viewing the animal kingdom is, at any rate, 
a very convenient one. 

The sub-kingdom Vertebrata includes the five great classes 
of the Fishes {Pisces), Amphibians, Reptiles, Birds (Aves), and 
Mammals ; and the name of the sub-kingdom is derived from 
the very general, though not universal, presence of the bony ■ 
axis known as m u vertebral column ” or backbone. One of 
the most fundamental of the distinctive characters of Vertebrate 
animals is to be found in the fact that the main masses of the 
nervous system (that is to say, the brain and spinal cord) are 
completely shut off from the general cavity of the body. In 
all Invertebrate animals (fig. 96, A) the body may be regarded 
as a single tube, enclosing all the viscera ; and consequently, 
when a distinct nervous system and alimentary canal are present, 
these are in no way shut off from one another. The transverse 
section, however, of any Vertebrate animal (fig. 96, B) shows 
two tubes, one of which contains the great nervous axis (ft') or 
brain and spinal cord, whilst the other contains the alimentary 
canal, the chief circulatory organs, and certain portions of the 
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nervous system^#), whifh are known to anatomists as the 

“ sympathetic ” system. Leaving the brain and spinal cord out 
of sight for a moment, we see that the lower or visceral tube of 
a Vertebrate aniftial contains the digestive canal (£), the haemal 
or blood-vascular system ( c ), and a system of nervous ganglia 



Fig. 96. — Diagrams representing transverse sections of one of the higher Inverte- 
brata, A — and one of the Vertebrata, B. a Wall of the body ; b Alimentary 
canal; c Haemal or blood-vascular system; n Nervous system; ri Cerebro- 
spinal axis, or brain and spinal cord, enclosed in a separate tube ; ch Notochord, 
or chorda dorsalis. 


(«). Now this is exactly what is contained within the visceral 
cavity of any Invertebrate animal; and it follows from this that it 
is the " sympathetic " system of Vertebrate animals which is truly 
comparable with the nervous system of the Invertebrata, The 
brain and spinal cord, or " cerebro-spinal axis,” are to be looked 
upon as something not represented at all in the Invertebrata. 

Another peculiarity which is present in all the Vertebrata is, 
that at an early period of life there is developed in the lower 
wall of the tube which contains the cerebro-spinal axis, a singu- 
lar structure known as the “ notochord,” or “ chorda dorsalis ” 
(fig. 96, B, c/i). This is a semi-gelatinous rod, tapering at both 
ends, and extending along the floor of the cerebro-spinal tube. 
In some cases the notochord remains permanently in this con- 
dition, but in most cases it is replaced at maturity by the bony 
column or backbone, from which the Vertebrata derive their 
name. The general structure of the vertebral column will be 
described shortly, and it is sufficient to state here that it con- 
sists of a series of more or less completely bony segments or 
“vertebrae,” arranged so as to form a longitudinal axis upon 
which the spinal cord is supported. It is to be remembered, 
however, that all Vertebrate animals do not possess a vertebral 
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column. They all possess a notochfcrd, but this may remain 
persistent throughout life, and in many cases f the development 
of the spinal column is very imperfect. 

Th*e skeleton of all Vertebrate animals is Internal \ and the 
muscles are attached to its several parts. The value of this ; 
character is in no way affected by the fact that many Vertebrates, 
such as the Torfcoises, Crocodiles, and others, possess an ex - 
ternal skeleton as well. The limbs of Vertebrate animals are 
always articulated or jointed to the body, and they are always 
turned away from that side of the body (the “ neural ” side) 
upon which the great masses of the nervous system are placed. 
The limbs may be altogether wanting, *or partially undeveloped, 
but there are never more than two pairs , and they always have 
an internal skeleton for the attachment of the muscles of the 
limb. 

A distinct blood-vascular or “ haemal ” system is present in 
all Vertebrates, and in all except one — the Lancelet — there 
is a single contractile cavity or heart, furnished with valvular 
openings. 

Lastly, the masticatory organs of all Vertebrates are modifica- 
tions of parts of the walls of the head, and are never modified V 
limbs or hard structures developed in the mucous membrane of 
the digestive tube, as they are in the Invertebrates. 

The above are the leading characters which distinguish the 
Vertebrata as a whole, and before going on to consider the 
different classes, it may be as well to give a short and general 
sketch of the anatomy of the Vertebrates, commencing with their 
bony framework or skeleton. 

The skeleton of the Vertebrata may be regarded as consisting 
of the bones which go to form the trunk and head on the one m 
hand, and of those which form the supports for the limbs on 
the other hand. The bones of the trunk and head may be re- 
garded as essentially composed of a series of bony rings or seg- 
ments, arranged longitudinally. Anteriorly, these segments are 
much expanded and also much modified to form the bony case 
which encloses tlie brain and which is termed the cranium or 
skull. Behind the head, the segments enclose a much smaller 
cavity in which is contained the spinal cord, and they are arranged 
one behind the other, forming the •‘vertebral column.” The 
segments which form the vertebral column are called verte- 
brae/' and they have the following general structure. Each 
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Vertebra (fig. 97, A) consists of a central portion known as the 
"*t>ody,” or " centrum” (r), placed immediately below the spinal 
cord, and giving origin to certain “ processes.” The ends of the 
bodies of the vertebras are all united together in different frays, 



Fig. 97. — A. Vertebra (lumbar) of the whale : c Centrum or body ; n Neural 
arches ; s Spinous process ; a Articular process ; d Transverse processes. B. Thor- 
acic segment or vertebra : c Centrum of vertebra ; n neural ?rches, enclosing the 
canal for the spinal cord ; j Spinous process ; r Ribs ; p Costal cartilages ; b 
Breastbone, or sternum. (After Owen.) 

so as to give the column great flexibility. From the back of 
the body of the vertebra proceed two bony arches which unite 
behind and thus form with the centrum a bony canal in which 
the spinal cord is contained. For this reason these arches (») 
are called the " neural” arches. From the point where the 
t neural arches unite — that is to say, from the back of the neural 
canal — proceeds a long process, sometimes cleft at its extremity, 
termed the " spinous process " (s). Springing also from each 
neural arch is a second shorter process (a) termed the “ articular 
process,” since by means of these, as well as by the bodies, the 
vertebrae are jointed or " articulated ” together. Also arising 
from the neural arches at their junction with the body of the 
vertebra, there may be two lateral processes (rf) which are called 
"transverse processes.” This is the ordinary structure of the 
vertebra of a Mammal, and the names here used are those 
applied to the parts of the vertebra in human anatomy. In 
philosophical anatomy, however, these parts have proper tech- 
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nical names which can be employed for thyn in all animals 
alike. The nature of this work, however, will not allow of the 
introduction of these here. 

In the typical vertebra the segment is completed by a second 
arch, which is placed in front of or beneath the body of the ver- 
tebra, and which is # known as the " haemal ” arch, as it includes 
and protects the principal organs of the blood-circulation (fig. 
97, B). This second arch is often only recognisable with great 
difficulty, as its parts are generally much modified ; but a good 
example may be obtained in the human chest. Here, attached 
to the front of the vertebrae, we find a series of bony arches, 
known as the ribs (r), followed by a series of cartilaginous pieces 
of a similar shape, termed the “ costal cartilages ” (/), the whole 
united in frdnt by a central bone, known as the breastbone, or 
" sternum ” ( b ). 




202 


VERTEBRATE ANIMALS, 
c 

the cervical region (fig. 9 ffi c), comprising a variable number of 
vertebrae, which constitute the neck, and immediately follow 
the head. Secondly, the cervical region is succeeded by a 
variable number of vertebrae which usually carry ribs, and are 
known as the dorsal vertebrae (d), or vertebrae of the back. 
Thirdly, come certain vertebrae which constitute the lumbar 
region (b), or the region of the loins. Fourthly, there usually 

follows a series of vertebrae which are 
immovably united together to form a 
single bone, which is termed the sacrum 
(j). Lastly, there comes a variable series 
cff vertebrae which are usually free and 
movable upon one another, and which 
constitute the caudal region, or the re- 
gion of the tail (/). 

The nature of the bones which enter 
into the composition of the limbs varies 
somewhat in different Vertebrates in 
accordance with their mode of life ; 
but in all the higher members of the 
sub-kingdom the limbs are built upon 
a general and easily recognisable type. 
The fore-limb consists generally of the 
following parts : 1. A series of bones 

uniting the limb to the trunk, the two 
most important being the shoulder- 
blade (scapula) and the collar-bone 
(clavicle) (fig. 99, jp and c\ 2. The bone 
which forms the upper portion of the 
limb proper, and which is known as the 
humerus (b). 3. Two bones which form 
the lower portion of the limb (e. g*, the 
fore-arm in man), and which are known 
as the radius and ulna (r and #), of 
which the former is the bone mainly 
gu,T ?’uL r«nw^ of concerned in carrying the hand or fore- 
the wrist, or carpus ; m Bones foot. 4. A number of small bones, which 

form the wrist, and are termed the 
carpus (d). 5. The cylindrical bones 

(usually five in number) which form 
the root of the hand, and are known as the metacarpus (m). 



— m 


Fig. 99. — Fore - limb of the 
Chimpanzee, c Collar-bone, 
or clavicle ; x Shoulder-blade, 
or scapula ; b Bone of the 
humerus : 


of the root of the hand, or 
metacarpus ; / Bones of the 
digits, or phalanges. 
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6. The bones which form the fingets propen and which are 
known as the phalanges (p). 

Essentially the same parts can be traced in the hind-limb of a 
typical Vertebrate animal, but they are known \fy different names. 
The bones which unite the limb to the trunk are usually more 
or less completely ynited together, constituting a single mass, 
known as the imiominate bone (fig. 100, /'). This is followed 
by a long cylindrical bone, which forms the upper portion of the 
hind-limb, and is known as the “ thigh- 


bone,” or femur (f). Following this are 
the two bones of the shank, correspond- 
ing to the radius and ulna of the fere- 
limb, and known as the tibia and fibula 
(/ and s ). *Of these, the tibia (/) corre- 
sponds to the radius , and is mainly con- 
cerned in carrying the foot. Next comes 
a series of small bones, which form the 
ankle, and are known as the tarsus ( r ). 
This is succeeded by a series of cylin- 
drical bones (usually five in number), 
which form the root of the foot, and 
which are termed the metatarsus (m). 
Finally, the metatarsus is succeeded by the 
bones of the toes, which in this case are 
again termed the phalanges ( p ). In both 
limbs the usual number of phalanges to 
each toe or “ digit ” is three. 

The digestive system of the Vertebrata 
does not require a lengthened notice. The 
mouth isusually furnished with teeth , which 
have for their chief function the reduction 
of the food to a condition in which it can 
be cfigested. In some animals, however, 
such as the snakes, the teeth are only 
*sed to hold the prey, and not for masti- 
cation ; and in others, such as the turtles 
and birds, the jaws are not furnished with 
any teeth at all. The food is also usually 



Fig. 100. — Hind-limb of the 
Chimpanzee. i Innomi- 
nate bone ; / Thigh-bone, 
or femur ; / Tibia ; * 
Fibula ; r Bones of the 
ankle, or tarsus ; tn Meta- 
tarsus ; / Phalanges. 


subjected in the mouth to the action of a special fluid — the 


saliva — which acts chemically as well as mechanically upon 


the food, and which is secreted by special glands, known as the 
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** salivary glands.” Fronrtthe mouth the food passes through a 
muscular tube— ihe gullet, or cesophagus (fig. ioi, g) — to the 
proper digestive cavity, or stomach (s). Here it is subjected 'to 
the action of a sjffecial digestive fluid— the 44 gastric juice” — and 

is converted into a thick pasty 
fluid, which is r called chyme . From 
the stomach the chyme passes into 
a long convoluted muscular tube, 
which is called the * c small intes- 
tine” {sm). Here it is subjected 
to the action of two other digestive 
fluids, called the 44 bile” and 44 pan- 
creatic juice,” as well as to the 
fluids secreted by the* intestine it- 
self. The bile is secreted by a 
large gland, which is known as 
the 14 liver," whilst the pancreatic 
juice is produced by another, 
termed the 44 pancreas,” both pour- 
ing their secretion into the upper 
part of the small intestine. By the 
combined action of these digestive 
fluids the chyme is ultimately con- 
verted into a milky fluid, which is 
called chyle , when it is fit to be 
taken up into the blood - vessels. 
The small intestine finally opens 
into a tube of larger diameter, 
which is called the 44 large intes- 
tine” ( lm\ and this opens on the 
surface o t the body by an anal 
aperture. In the large intestine 
the last remaining portions o\ the 
food which can be rendered useful are absorbed into the blood, 
the ^indigestible portions being ultimately got rid of as useless. 
The fluid products of digestion {chyle) are chiefly absorbed from 
the intestinal canal by a set of special vessels, which are present 
in all Vertebrates, and which are called the lacteals , from the 
milky fluid they contain. These lacteals combine to form a 
laxge trunk, by which their contents are ultimately added to the 
circulating blood. Part of the products of digestion are ab- 



Fig. ioi. — Digestive system of a 
Mammal. ^Gullet, or cesophagus ; 
s Stomach : sm Small intestine ; 
bn Large intestine ; r Large in- 
testine terminating in its final por- 
tion, called the M rectum.” 
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sorbed by the veins which ramify oa the intestinal canal, and 
which ultimately unite to form a great vessel, ^called the “ vena 
portae,” which goes to the liver. The materials, however, which 
are taken up in this way also ultimately reacfti the circulating 
blood. In this way, therefore, fresh matter is being constantly 
added to, the blood to replace the waste caused by the perform- 
ance of the vital functions. 

The blood is thus formed out of the materials which are 
taken into the alimentary canal as food ; and in all the Verte- 
brata (with one exception) it is of a red colour, when viewed in 
mass. This is due to the presence in it of numerous microsco- 
pical particles, which are known as tly2 41 blood-corpuscles,” the 
fluid itself being colourless. In fig. 102 are represented some 



Fig. 102. — Blood-corpuscles, magnified, a Man ; b Goose ; c Crocodile ; 
d Frog ; e Skate. 

of the forms of blood-corpuscles which are found in different 
divisions of the Vertebrate . 

The blood is always distributed through the body by means 
of a system of closed tubes, which constitute the 44 blood-vessels,” 
and with the single exception of the Lancelet, it is always pro- 
pelled by means of a contractile muscular cavity or 44 heart.” 
The heart and other circulatory arrangements differ ponsider- 
ably in different classes of the Vertebrata , but these differences 
will be best considered at a later period. Respiration in all the 
Vertebrata is effected by means of distinct breathing organs, 
assisted in many cases by the skin. In the water-breathing * 
Vertebrates, such as fishes, the respiratory organs are in the 
form of gills or branchiae, which are richly supplied with blood, 
and are exposed to the influence of water holding oxygen in so- 
lution. In the air-breathing Vertebrates, the breathing organs 
are in the form of lungs. These essentially consist of cellular 
or spongy organs, placed in the cavity of the chest, richly fur- 
nished with blood-vessels, and receiving constant supplies of 
fresh air by means of a tube which opens in the throat and is 
known as the “wind-pipe,” or trachea. In the higher Vertebrates 
the heart becomes a double organ, one side being concerned 
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wholly with driving the impure ( venous ) blood to the lungs, 
whilst the other 4 side propels the pure oxygenated (< arterial) 
blood to all parts of the body. 

The waste substances of the body — of which the most impor- 
tant are water , carbonic add, and the peculiar substance called 
urea — are got rid of by the skin and lungs, but principally by 
two glands which are called the kidneys . Th^ excretion of urea 
from the body, as a general rule, is wholly effected by means of 
the kidneys alone ; and this is their most important function, 
as the retention of this substance within the body rapidly causes 
death. The secretion of the kidneys is sometimes got rid of by 
means of special canals appropriated to this alone ; but in the 
lower Vertebrata it is discharged into the hinder extremity of 
the alimentary canal, and is evacuated along with the undigested 
portions of the food. 

The nervous system varies greatly in its- development in the 
Vertebrata. In the little fish called the Lancplet, the main 
mass of the nervous system consists of a cord of nervous matter, 
representing the spinal marrow, but not having in front any 
enlargement which represents the brain. In all the other Ver- 
tebrata the central masses of the nervous system (termed the 
ccrebro-spinal axis) consist of a nervous cord (the spinal cord) 
contained in the canal formed by the neural arches of the verte- 
brae, and of an anterior mass of nervous matter, which is pro- 
tected by the skull, and is termed the “cerebrum,” or brain . The 
size and development, however, of the brain vary enormously in 
different Vertebrates; and in the lower forms the brain is little 
more than an aggregation or collection of nervous masses or 
" ganglia,” which are connected with the special senses, sight, 
hearing, taste, and smell, special organsftfor which are present 
in almost all the Vertebrata . 

Reproduction in the Vertebrata is always truly sexual, the 
sexes are always in different individuals, and in no case are 
compound organisms produced by a process of budding or fis- 
sion. Most are oviparous , producing eggs ffom which the young 
are developed. Some retain the eggs within the body till the 
young are ready to be hatched, and these are sometimes said to 
be ovo-viviparous . The higher Vertebrates, however, bring 
forth their young alive, and are said to be viviparous (Latin. 
vivus % living ; and pario * I bring forth). 

Primary Divisions of the Vertebrata.— T he Vertebrata 
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are variously diyided into great pmnarjf sections by different 
writers, and all of these divisions nave m eye or less merit. 
Here, however, the classification proposed by Professor Huxley 
will be followed, and it is not necessary to ent^r into any consi- 
deration of the others. It has also been thought advisable to 
give in this place abrjef account of the leading characters which 
separate these divisions from one another, though it is not to be 
expected that the learner will be able to appreciate the full 
value of these characters till he has completed his study of the 
Vertebrata as a whole. 

The Vertebrata are divided by Professor Huxley into the fol- 
lowing great divisions : — 

I. ICHTHyopsiDA (Gr. ichthus , a fish; and opsis, appearance). — 
In this section are included the fishes (Class Pisces ), and the 
frogs, newts, and their allies (Class Amphibia ). They are all 
characterised by the fact that they possess gills or branchiae, 
either throughout life or during the earlier stages of their exist- 
ence; that they possess nucleated red blood-corpuscles (i.e. blood- 
corpuscles with a central particle or nucleus , fig. 102, d t e\ and 
by certain embryonic characters as well. From the temporary 
or permanent possession of gills, they are often spoken of as the 
Branchiate Vertebrates. 

II. Sauropsida (Gr. saura , a lizard ; and ops/s, appearance). 
— In this division are the birds (Class Aves), and the true rep- 
tiles (Class Reptilia ). They are characterised by the fact, that 
at no time of their life are they ever provided with gills; that 
the skull is jointed to the vertebral column by a single articulat- 
ing surface (or con<fyle)\ that the lower jaw is composed of 
several pieces, and is united to the skull by means of a special* 
bone (called the os quadratum ); that they possess nucleated red 

* blood-corpuscles (fig. 102, b , c) 9 and by certain embryonic char- 
acters as well. 

III. Mammalia (Lat mamma, the breast). In this division 
are all the ordinary quadrupeds ; characterised by the constant 
absence of gills; by the skull being jointed to the vertebral 
column by two articulating surfaces (or condyles) ; by the fact 
that the lower jaw is composed of only two pieces, and is not 
united to the skull by means of a special bone (the quadrate 
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bone); by having nofi-nu^leated red blood-corpuscles (fig. 102, 
a); and by hav^pg special glands — the mammary glands — 
which secrete a special fluid — the milk — by which the young are 
nourished for a linger or shorter period after birth. 

These three primaiy divisions comprise the five great classes 
into which the Vertebrata are divided : — 

i. . Fishes {Pisces). 

2. Amphibia (Frogs, itfewts, &c.J 

3. Reptilia (True Reptiles). 

4. Aves (Birds). 

5. Mammalia . 
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ICkTHYOPSIDA. 

CHAPTER XXIV. 

CLASS I. PISCES. 

The fishes fbrm the lowest class of the Vertebrate and they 
may be broadly defined as being Vertebrate animals provided 
with gills, whereby they are enabled to breathe air dissolved in 
water ; the heart, when present, consists of a single auricle and 
ventricle (with the exception of the mud-fishes) ; and the limbs, 
when present, are in the form of fins , or expansions of the in- 
tegument . 

In their external form, fishes are* in most cases adapted for 
rapid locomotion in water, the shape of the body being such as 
to cause the least possible friction in swimming. To this end, 
as well as for purposes of defence, the body is generally en- 
veloped in a species of chain-mail formed by overlapping scales, 
to which bony plates, tubercles, and spines are sometimes 
added. Valuable characters can sometimes be drawn from the 
nature of the scales, and with a view to this the integumentary 
appendages of fishes have been divided by Agassiz as follows 
(fig. 103) : — 

1. Cycloid scales (a), consisting of thin, flexible, horny scales, 
which are circular or elliptical in shape, and have a smooth 
outline. These scales occur in most of our common fishes (eg., 
the pike). 

2. Ctenoid scales (£). These resemble the cycloid scales in 
being thin, flexible, horny scales, but they are distinguished by 
having theij hinder margins cut into comb-like projections, 
or fringecftwith spinet. The common perch supplies a good 
example of ihese scales. 

3. Placoid scales (c). These are detached bony grains. 
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tubefcles, or plates, scattered through the skin, add sometimes 
armed with projecting spfnes. 

4. Ganoid scales ( d ), composed of a layer of true bone, covered 

by a layer of hard polished ei^mel. 
These scales are usually much 
thicker and larger than the ordi- 
nary scales ; they are often oblong 
or rhdtnboidal in shape ; they are 
often connected together by little 
processes ; and they generally are 
in contact by their edges, but rare- 
ly overlap one another. In most 
fishes there is also to be observed 
a line of peculiar scales, forming 
what is called the 41 lateral line.” 
Each of the scales of this line is 
perforated by a minute tube, which 
leads into a longitudinal canal, 
believed to secrete the mucus with 
which the general surface is lu- 
bricated, or to have some sensory 
function. 

As regards the true internal skeleton, fishes differ very widely 
from one another, but the skeleton is so complicated that only a 
few of the most important points can be mentioned here. In 
one fish — the Lancelet — there can hardly be said to be any true 
skeleton, the vertebral column being represented permanently 
by the semi-gelatinous notochord (fig. 108). In others, such as 
the Lampreys, Sturgeons, and Rays, the skeleton remains per- 
manently in the condition of gristle (cartilage) ; in others it is 
partially cartilaginous and partially ossified ; and, lastly, in 
most modern fishes it is completely converted into bone. The 
vertebral column in a bony fish consists of a number of vertebras 
which are hollow or cup-shaped at both ends (bi-conckve or 
"amphicoelous”), the cup-like margins being united together by 
ligaments. The cavities formed by the apposition of the ver- 
tebra are filled with the gelatinous remains of the notochord. 
This gelatinous elastic substance acts as a ball-and-socket joint 
between the vertebrae, thus giving the wjiole spine tiie extreme 
flexibility which is essential to animals living in a watery me- 
dium. The entire spinal column is divisible into no more than 


Fi*. 103. — Scales of different Fishes. 
a Cycloid scale (Pike) ; b Ctenoid 
scale (Perch); c Placoid scale 
(Thomback) ; d Ganoid scale 
{Paheoniscns). 
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two distinct regions, an abdotninal and a caudal . The abdo- 
minal vertebra possess a superior or neural Arch, for the pas- 
sage of the spinal cord, a superior spinous process, and two 
transverse processes to which the ribs are attached. The caudal 
vertebra have no marked transverse processes ; but, in addition 
to the other parts already mentioned, they give off an inferior 
or hcemal arch, bejofo the tyody of the vertebra, and they carry 
inferior spinous processes (fig. 104, A). The ribs are attached 
to the transverse processes or to the bodies of the abdominal 
vertebra (fig. 104, r ) ; and they do not enclose any thoracic cavity, 
or protect the organs which are usually contained in the chest 
— namely, the heart and breath ing-qj-gans. The anterior or 
lower ends of the ribs of fishes are free, or are rarely united to 
hard productions of the integument; but there is never any 
breastbone or sternum properly so called. 



Fig. 104. — Skeleton of the common Perch ( Perea JluviatilU). p Pectoral fin : 

v One of the ventral fins ; a Anal fin, supported upon interspinous bones (t) : 

. . c Caudal fin ; d First dorsal fin ; if Second dorsal fin, both supported upon inter- 
spinous bones ; i i Interspinous bones ; r Ribs ; s Spinous processes of vertebrae ; 
h tiaemal processes of vertebrae. 

The only remaining bones of the trunk proper are the so- 
called interspinous bones” (fig. 104, i 1). These are a series 
of pointed dagger-like bones, imbedded in the middle line of 
the body, {retween the great lateral muscles which form the 
greater part of the body of a fish. The inner ends or points of 
the interspinous bones are attached by ligament to the spinous 
processes of the vertebra, and at their outer ends they support 

p 
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the framework (rays) of the so-called "median” fins. As a rule 
there i9 only oneKnterspinous bone to each vertebra, but in the 
flat-fishes (sole, turbot, &c.) there are two. The limbs of fishes 
may be wholly Wanting, or one pair may be absent, but in no 
case is the number greater than the regular vertebrate type — 
namely, two pairs. When developed, however, the limbs of 
fishes are very different from those of other ^Vertebrates, con- 
sisting of expansions of the integument, furnished with bony or 
gristly supports or rays, and thus constituting what are called 
11 fins” (fig. 105). The pair of limbs which correspond to the 
armsof man and to the fore-limbs of other Vertebrates are termed 
the pectoral fins, and they are attached to a bony arch which is 
attached either to the back of the skull or to the spinal column 
(fig. 104, p % and 105, p). The hind-limbs in fishes are known 



Fig. 105. — Outline of a Fish [Perea granulata ), showing the “ paired 0 and 
*' median” fins, p Pectoral fin ; v Ventral fin; d First dorsal fin; d Second 
dorsal fin ; c Caudal fin ; a Anal fin. 


as the ventral tins (figs. 104, 105, v), and are not only often 
wanting altogether, but when present are less developed than 
the pectorals and less fixed in their position. They are United 
to an imperfect bony arch, which represents the innominate 
bones, or pelvic arch, of the higher Vertebrates, but which is 
never joined to the spinal column. In some fishes the ventral 
fins are placed far back, and in these the&bny arch which sup- 
ports them is freely suspended in the ftiuscles. In others the 
ventral fins are altogether out of position, and are placed be- 
neath or even in front of the pectoral fins ; and in these cases 
the pelvic arch is attached to part of the pectoral arch. The 
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pectoral and ventral fin$ represent, is just s|.id, the fore and 
hind limbs, and consequently there are always two of each, 
whei\they are present at all. They are, therefore, spoken of as 
the “ paired ” fins. Besides these, however, or in the absence 
of one or other of these, there is also a series of what are called 
“ median ** fins; that is to say, fins which are placed in the 
middle line of the body, and which are unpaired \ having no 
fellows. These median fins agree with the paired fins in being 
expansions of the integument, supported by bony or gristly 
supports or 41 rays,” and they are carried by the heads of the 
41 interspinous” bones, already described (fig. 104, / 1). They are 
variable in number, and in some case's there is only a single 
fringe running round the hinder extremity of the body. Com- 
monly, however, the median fins consist of one or two expan- 
sions of the dorsal integument, called the 44 dorsal " fins (fig. 104, 
d d ') ; one or two on the ventral or lower surface near the vent, 
called the 44 anal” fins (a); and a broad fin at the extremity of 
the vertebral column, constituting the 44 caudal” fin or tail (c). 

The tail in all fishes is placed vertically — that is to say, 
it strikes the water laterally or 
from side to side, and it is the 
chief organ of progression in the 
fish. Two very distinct types of 
tail are found amongst the fishes. 

In one of these, found in most 
living forms, the tail is composed 
of two nearly equal lobes which 
spring from the end of the spine 
(fig. 106, a). This form of tail is 
said to be 44 homocercal.” In 
the other type of tail, found in 
the dog-fishes, sharks, and other 
living nshes, as well as in many 
extinct forms, the tail is un- 
equally lobed, and is said to be 
44 heterocercal ” (fig. 106, b). In 
these forms the vertebiitl column 
is prolonged into the upper lobe of the tail, and the greater 
portion of the tail is found below the spine. 

In both the paired and the median fins the integument is 
supported by a series of spine-like bones, which are called 



Fig. 106.— Tails of different Fishes. 
a Homocercal tail (Sword-fish); b 
Heterocercal tail (Sturgeon)i 
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*“ rays.” These ^rays are sometimes simple undivided rays or 
spines, when they are called “spinous rays” (104, d); but in 
other cases they^re both divided by transverse joints, an«l split 
up into numerous longitudinal branches towards their extremi- 
ties, when they are spoken of as “soft rays” (104, d*). The 
soft rays occur in many fishes in differeqjt fins, but they are 
invariably present in the caudal fin or tail.® 

As regards th z digestive system in fishes, the mouth is usually 
furnished with a complicated system of teeth, developed not 
only upon the jaws, but upon any or every bone which enters 
into the composition of the oral cavity. The gullet opens into 
a stomach, usually of large size, and its hinder aperture (the 
pylorus) is usually furnished with a valve. Immediately be- 
hind the pyloric opening of the stomach there ire usually a 
variable number of blind tubes (called the “pyloric caeca”) 
which open into the intestine, and which are believed to repre- 
sent the pancreas. In some fishes, however, there, is a well- 
developed pancreas, and in others even these tubes are wanting. 
The intestinal 'canal is a longer or shorter, more or less con- 
voluted tube, and its absorbing surface is sometimes largely 
increased by a spiral folding of the mucous membrane, which 
winds like a screw in close turns from the pylorus to the anus. 
The liver is usually of large size, and saturated with oil, but in 
the Lancelet it is doubtfully represented by a hollow sac-like 
organ. The kidneys in fishes are of great comparative size, 
forming two elongated organs, situated beneath the spine, and 
extending along the whole length of the abdomen. 

Respiration in all fishes is aquatic, and is effected by means 
of gills or hranchice , in all except the Lancelet, in which respira- 
tion is effected by branchial filaments placed round the pharynx, 
and also by a greatly developed pharynx perforated by ciliated 
apertures (fig. 108). The arrangement and structure of the gills 
in fishes vary a good deal in different orders, and the leading 
modifications will be noticed hereafter. In the meanwhile it 
will be sufficient to give a short description of the branchial 
apparatus in one of the bony fishes. In such a fish the gills 
consist of a single or double series of fiat cartilaginous leaflets, 
covered by mucous ftiembrane, richly supplied with blood, and 
' arranged on bony or cartilaginous arches which are connected 
with the. tongue-bone ( hyoid bdne) below and with the under 
surface of the head above, The branchial arches and branchiae 
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are suspended in cavities placed on tfce side of the neck, and in 
the ordinary bony fishes there is only one suf h cavity on each 
side. The water is taken in at the mouth by a process analo- 
gous to swallowing, and it gains admission#to the branchial 
chamber by means of a series of clefts or slits which perforate the 
sides of the pharynx. Having passed over the gills and lost its 
oxygen, the effete water makes its escape behind by an aperture 
called the 41 gill-slit,” which is placed on the side of the neck. 
The opening of the gill-slit is 


closed in front by a chain of flat 
bones which constitute the 44 gill- 
cover,” and by a membrane which 
is supported upon a variable 
number of ^lender bony spines. 
This is the general mechanism of 
respiration in one of the bony 
fishes, but different arrangements 
are found in other cases, which 
will be subsequently noticed. 

The heart in fishes may be re- 
garded as essentially a branchial 
or respiratory heart, being con- 
cerned chiefly with driving the 
venous and impure blood to the 
gills. It consists in almost all 
cases of two cavities, aii auricle 
and a ventricle (fig. 107% The 
auricle (a) receives the Venous 
blood which has passed though 
all the various parts of the bddy, 
and propels it into the ventricle 
(2/). From the ventricle proceeds 
a single great vessel (the 44 bran- 
chial artery”), the base of which 
is usually developed into a mus- 
cular cavity, the 44 bulbus arte- 
riosus’* (m), which acts as a kind 
of additional ventricle. By the 
ventricle and bulbus arteriosus 



Fig. Z07. — Diagram of the Circulation in 
a Fish. The arterial system is repre- 
sented black; the venous system is 
left light, a Auricle, receiving the 
venous blood from the body ; v Ven- 
tricle ; m Bulbus arteriosus ; « Bran- 
chial artery, carrying the venous blood 
to the gills (fi) : c Great systemic vessel , 
carrying the pure blood to the tissues. 


the venous blood is driven to the gills, where it is subjected to 
the action of the water. The aerated blood is not returned to the 
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heart, but is driven fronj the gills through all parts of the 
body, the propulsive force necessary for this being derived 
partly from the heart, and partly from the contractions of the 
muscles between which the blood-vessels pass. The essential 
peculiarity of the circulation of fishes consists in this, that the 
arterialised blood returned from the gills is propelled through 
the general vessels of the body (systemic vessels) without being 
sent back to the heart. In the Lancelet, alone of all fishes, 
there is no single heart, and the circulation is effected by means 
of contractile dilatations situated upon several of the vessels. 
In the Mud-fish (Lepidosireri) the heart consists of two auricles 
and a ventricle. In all cases the blood is cold, or, in other 
words, has a temperature very little, or not at all, higher than 
that of the surrounding medium. The blood-corpuscles (fig. 
102, e) are always nucleated, and, except in the Lancelet, are 
almost^ red. 

Whilst the respiration of all fishes is truly aquatic, most are, 
nevertheless, furnished with an organ which doubtless corre- 
sponds to (or is homologous with) the lungs of the higher Verte - 
drain. This is known as the 44 air” or 14 swim bladder,” and is 
a sac filled with gas and situated between the alimentary canal 
and the kidneys. In most cases the sac contains only a single 
cavity, but in many instances it is variously divided by parti- 
tions. In most fresh-water fishes the gases in the swim-bladder 
are mainly composed of nitrogen, but in the sea-fishes it is 
chiefly filled with oxygen. The sac of the swim-bladder is 
often closed, but in other cases it opens into the gullet by means 
of a duct which corresponds to the windpipe. In the great 
majority of fishes the functions of the air-bladder are mainly 
hydrostatic — that is to say, it serves to maintain the necessary 
F agreement between the specific gravity of the fish and that of 
the surrounding water. In the singular Mud-fish ( [Leptdosiren ), 
the air-bladder is composed of two distinct sacs, divided into a 
number of cellular compartments, and opening into the gullet 
by a tube. In this fish it acts as ^ respiratory organ, and is 
therefore, not only in structure but also in function, the repre- 
sentativ#of the lungs of the other Vertebrates. 

The nervous system of fishes is of an inferior type of organisa- 
tion, the brain being of comparatively small size, and consisting 
of a collection of ganglia. As regards the organs of the senses, 
two peculiarities deserve notice. In the first place, though 
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fishes possess the essential parts of the organ of hearing, they 
possess no external ears, and except in a few instances there are 
no traces of any communication between the ear and the outer 
worfd. In the second place, the organs of &nell consist of a 
double cavity lined by a mucous membrane folded into numer- 
ous plaits, into which water is admitted, usually by two distinct 
apertures or nogtrfls. Behind, however, the nasal sacs are 
closed, and they do not communicate by any aperture with the 
throat, as they do in all the higher Vertebrates. The only excep- 
tions to this rule are the Hag-fishes and their allies ( Myxinoids ), 
and the Mud-fish ( Lepidosireh ). 

As regards their reproductive sys^pm, most fishes are truly 
oviparous , , and the ovaries are familiarly known as the " roe.” 
Some fishes^ are ovo-viviparous, retaining their eggs within the 
body till the young are hatched. The male organs of repro- 
duction are commonly spoken of as the “ milt ” or “ soft roe." 
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CHAPTER XXV. 

ORDERS OF FISHES. 

The number of different kinds of fishes is so enormous that 
nothing further will be attempted than merely to give an outline 
of the leading peculiarities which distinguish the different orders. 
The classification here adopted is the one proposed by Professor 
Huxley, who divides the class Pisces into the following six 
orders : — 

1. Pharyngobranchii . 

2. M arsipobranchi t. 

3. Telcostei. 

4. Ganoidei . 

5. ElasmobranchiL 

6 . Dipnoi . 

Order I. Pharyngobranchii (Gr. pharynx , the upper part of 
the gullet ; and bragchia, gills). — This order of fishes includes 
only a single animal, the anomalous Amphioxus, or Lancelet, 
the organisation of which differs in almost all its important 
points from that of all the other members of the class. In fact, 
the Lancelet presents us with the lowest type of organisation as 
• yet known in the Vertebrata . The Lancelet is an extraordinary 
little fish, from one and a half to two inches long, which bur- 
rows in sand-banks in various seas, but is especially abundant 
in the Mediterranean, The body is lanceolate in shape, and is 
provided with a narrow membranous border, of the nature of a 
median fin, which runs along the whole of the dorsal and a por- 
tion of the ventral surface, and expands at the tail to fprm a 
lancet-shaped caudal fin. There are no true •• paired ” jins, re- 
presenting the fore and hind limbs. The moufh is a longi- 
tudinal fissure, placed at the front of the head, and completely 
destitute of jaws, but surrounded by a number of cartilaginous 
filaments. The throat is provided with several leaf-like fila- 
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ments, which are richly supplied with blood, and are believed 
to discharge in part the function of gills. The mouth (fig. 108, 
tri) opens into a dilated chamber, which is believed to represent 
the pharynx, and is termed the pharyngeal oP “branchial" sac. 
The walls of this chamber (J») are strengthened by numerous 



Fig. 108. — Diagram of the Lancelet {A pnftkioxus lanceolatus ). m Mouth with 
cartilaginous filaments ; ft Greatly developed pharynx, or branchial sac, per- 
forated by ciliated apertures; / Intestine ; a Anus ; h Blood-vessels, with pulsat- 
ing dilatations in place of a heart ; ck Notochord ; n Spinal cord. • 


cartilaginous filaments, between which are a series of transverse 
slits or clefts, and the whole is covered with a richly ciliated 
mucous membrane. The function of this sac is clearly respira- 
tory, the water from without being admitted through the mouth, 
passing through the branchial clefts into the abdominal cavity, 
and finally escaping by means of an aperture placed on the 
ventral surface a little in front of the anus. From the hinder 
end of the branchial sac proceeds the alimentary canal, which 
has appended to it a sac-like organ, believed to represent the 
liver, and which terminates behind in a distinct anal aperture. 
There is no heart, and the circulation is entirely effected by # 
means of several contractile dilatations, developed upon the 
great blood-vessels (A). The blood itself is colourless. No 
kidn€ys have hitherto been discovered, and the reproductive 
elements are emitted into the abdominal cavity, from which 
they escape' by the pore placed upon the lower surface. 

There is no skeleton properly so called. The notochord (cA) 
remains throughout life as a semi-gelatinous rod, enclosed in a 
membranous ^sheath, and supporting the spinal cord. There 
is no skull, and the spinal cord (n) does not expand in front to 
form a distinct brain or cerebrum. The brain, however, may 
be said to be represented, as the front portion of the nervous 
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axis gives off nerves to a ‘pair of eyes, and another branch to a 
ciliated pit, which 1 is believed to be a rudimentary organ of smell. 

Order II. M^rsipobranchii (Gr. tnarsipos ; a pouch ; brag- 
chia, gills).— This order includes the Hag-fishes (Myxinidai) and 
the Lampreys (Petromyzonidce) , and it is defined by the follow- 
ing characters : The body is cylindrical arid ^yorm-like, and is 
destitute of limbs. The skull is cartilaginous, there is no lower 
jaw, and the notochord remains through life, so that there is no 
vertebral column. The heart is composed of an auricle and a 
ventricle, but there is no bulbus arteriosus . The gills are pouch- 
like, communicating with the throat on the one hand, and open- 
ing externally on the other by means of apertures placed on the 
sides of the neck. # 

The Hag-fish ( Myxine ) is an eel-like fish, which agrees with 
the Lampreys in having neither pectoral nor ventral fins, the re- 
presentatives of the fore and hind limbs. The mouth is of a 
very remarkable character, and enables the Hag-fish to lead a 
very peculiar existence. It is generally found imbedded in the 
interior of some large fish, into which it has penetrated by 
means of a single serrated and recurved fang attached to the 
centre of the palate. The mouth itself is destitute of jaws, and 
forms a sucking disc or cup. Another remarkable peculiarity of 
the Hag-fishes is found in the structure of the nose. In all 
fishes, namely, except these and the Mud-fish (Zxpidosiren), the 
nasal chambers are closed behind, and do not communicate 
with the cavity of the mouth, as they do in the higher Verte- 
brates. In the Myxinoids, however, such a communication does 
exist. The nasal sacs are placed in communication with the 
# throat (pharynx) by means of a canal which perforates the palate. 
A second canal leads from the nasal cavities in front to open by 
an external aperture (the nostril or “ spiracle”) on the top of the 
head behind the mouth. * 

Another peculiarity, which is best considered in the Lampreys, 
Is to be found in the structure of the respiratory organs, from 
which the name of the order is derived. When viewed exter- 
nally, instead of the single great " gill-slit,” covered by a “ gill- 
cover,” as seen in the ordinary bony fishes, the sjffe of the neck 
presents seven round holes placed far back in a line on each 
side. These holes are the external apertures of the gills (fig. 109, 
A), which in these fishes are in the form of sacs or pouches, the 
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lining membrane of which is thrown into numerous folds or 
plaits, over which the branchial vessels ramify (fig. 109, B). * In- 
ternally the sacs communicate with the cavity of the pharynx, 
by means of a common respiratory tube into which they all 
open. It follows from this arrangement that the' gill-pouches 
on the two sides of the neck communicate freely with one an- 
other through the pfcarynx. The object of this arrangement is to 
obviate the necessity for admitting the water to the gills through 



Fig. 109. — A, Lamprey {Petromyzon), showing the sucking-mouth and the aper- 
tures of the gill-sacs. B, Diagram to illustrate the structure of the gills in the 
Lampreys, a Pharynx ; b Tube leading from the pharynx into one of the 
gill-sacs ; c One of the gill-sacs, showing the lining membrane thrown into 
folds ; d External opening of the gill-sac. (In reality the gill-sacs do not open 
directly into the pharynx, but irito a common respiratory tube which communi- 
cates with the pharynx ; but this is omitted for the sake of clearness.) 


the mouth, as ordinary fishes do. These fishes are in the habit 
of fixing themselves to foreign objects by means of the suctorial 
mouth ; and when in this position, it is, of course, impossible 
that they can obtain the necessary water of respiration through 
the mouth. As the gill-sacs, 'however, on the two sides of the 
neck communicate freely with one another through the pharynx, 
water can readily pass in and out The gills are not provided * 
with cilia, but the circulation of water is assisted by a kind of 
elastic cartilaginous framework upon which the whole respira* 
tory apparatus is supported, and which acts somewhat like the 
ribs of the higher Vertebrates. 

The nasal cavities of the Lampreys, unlike those of the Myx- 
inoids are closed behind, and do not communicate with the 
throat. Somctpf the Lampreys are permanently inhabitants of 
rivers; but the' great sea-lamprey (Petromyzon marinus) only 
quits the salt water and betakes itself to fresh in order to depo- 
sit its eggs. 
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Order III, — ^Teleostec (Gr. teleios, perfect ; and osteon , bone). 
The fishes comprised in this order, as implied in their name, 
have a well-ossified or bony skeleton, and they are commonly 
known as the "b^ny” fishes. In all the Teleostei , the skeleton 
is bony, the skull is composed of distinct bones, and there is a 
lower jaw. The vertebral column always consists of more or 
less completely ossified vertebrae ; and the 4wo pairs of limbs, 
when present, are in the form of fins, supported by rays. The 
gills are free, comb-like or tufted in shape, and always protected 
by a bony gill-cover. The bulbus arteriosus is not capable of 
regular contractions, and is separated from the ventricle by only 
a single valve. 

The order Teleostei comprises almost all the most familiar 
fishes, and it will be unnecessary to dilate here upop their struc- 
ture, as they were taken as the type of the class in describing 
the fishes generally. It may be as well, however, to recapitu- 
late some of the leading points in the anatomy of the bony 
fishes, i. The skeleton is always more or less completely ossified, 
and does not remain cartilaginous throughout life. The noto- 
chord is not permanent, and the vertebral column consists of a 
number of distinct vertebrae. The vertebrae, however, are “ am- 
phicoelous,” or hollow at both ends, so that there is left between 
each pair a doubly-conical cavity, which is filled with the car- 
tilaginous or semi-gelatinous remains of the notochord. In this 
way an extraordinary amount of flexibility is given to the entire 
vertebral column. In no fish (except the Bony Pike, which be- 
longs to another order) is the conversion of the bodies of the 
vertebrae into bone carried further than this. 

2. The integument usually develops scales, and these in the 
great majority of cases are of the forms known as “ cycloid ” and 
41 ctenoid,” the former being circular or elliptical homy plates, 
with plain margins ; whilst the latter have their hinder margins 
cut into comb-like projections or fringed with spines (fig. io$, #,£). 

3. The anterior and posterior limbs are usually, but not al- 
ways, present, and when developed they are always in the form 
of fins. These fins may be supported by “ spinous rays ” or 
“ soft- rays,” or by both. The spinous rays are simple undi- 
vided bony spindihfrhich taper to a point. The soft rays are 
doubly divided, splitting up towards their extremities into a 
number of secondary rays, and being also divided by transverse 
joints into numerous short pieces. 
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4. Besides the 44 paired ” fins whicH represent the limbs, there 
is also a series of unpaired or “ median ” fins#the rays of which 
are supported upon a series of dagger-shaped bones, deeply 
plunged in the flesh in the middle line of theabody, and known 
as the 41 interspinous ” bones (fig. 104). The median fins are 
variable in number, but when fully developed they consist of 
one or two fins qp the back (the dorsal fins), one or two on the 
ventral surface (the 'anal fins), and one clothing the posterior 
extremity of the body (the caudal fin, or tail, fig. 105). In all the 
Teleostei , the caudal fin has the shape called 44 homocercal ” — that 
is to say, it consists of two equal lobes — and the vertebral column 
is not prolonged into the upper lobe (/ig. 106, a). 

5. The heart consists of two cavities, an auricle and a ven- 
tricle, but the bulbus arteriosus is not rhythmically contractile, 
and is separated from the ventricle by only a single pair of 
valves. 

6. The respiratory organs are in the form of free, comb-like, 
or tufted gills, enclosed in two cavities placed on the sides of the 
neck. Each of these branchial chambers opens externally by 
a single aperture, the 44 gill-slit," which is protected by a chain 
of bones, forming the 44 gill-cover," and by a membrane sup- 
ported by bony rays. Internally the branchial chambers com- 
municate with the throat by a series of clefts or fissures, and the 
water required in respiration is taken in at the mouth by a pro- 
cess analogous to swallowing. 

7. The nasal sacs never communicate behind with the throat 
(pharynx). 

Tabular View of the Main Divisions of the Teleostei. 

Sub-order I. Malacopteri. Usually a complete series of fins, sup* 
ported by rays, all of which are soft , or many-jointed (with the occasional 
exception of the first rays in the dorsal and pectoral fins). A swim- 
blacfder is always present, and is always connected with the gullet by a 
duct. The skin is rarely naked, and is mostly furnished with cycloid 
scales, but sometimes ganoid scales are present. 

Amongst the more important families in this sub-order are the Eels 
(Murcmidte), Herrings ( Clupeida r), Pikes (Esocida), Carps ( Cyprinida ), 
Salmon and Trout (1 Salmonidd ), and Sheat-fishe^|Si 7 ^r^). 

Sub-order II. Anacanthini. — Fins entirely supported by soft 
rays, and never by spinous rays. Ventral fins either wanting, or 
placed under the throat, beneath or in advance of the pectorals. 

The two leading families in this sub-order are the Cod, Ling, and 
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Haddock family (Gadidd), and the Flat fishes {Pleuronectidd) y compris- 
ing the Sole, Turbo^ Flounder, and others. 

Sub-order III. Acanthopteri. — Fins with one or more of the 
first rays in the form of undivided, inflexible, spinous rays. Scales mostly 
ctenoid. Swim-blaader without a duct. 

The leading families in this order are the Wrasses ( Cyclo-labrid<z) % the 
Perches (Percida), the Mackerels (Scombertda), the Mullets (Mugilidte), 
and the Gobies ( Gobiida ). * 0 

Sub-order IV. Plectognathi. — Certain of the bones of the mouth 
(the maxillary and prae-maxillary bones) immovably connected on each 
side of the jaw. Integumentary skeleton in the form of ganoid plates, 
scales, or spines. 

The chief families in this sub-order are the File-fishes (Balistida), 
and the Trunk-fishes ( OstraciBntidd ). 

Sub-order V. Lophobranchii. — Gills arranged in little tufts on 
the branchial arches. Integumentary skeleton in the form of ganoid 
scales. 

The two families contained in this division are the Sea-horses ( Hippo - 
campida ?), and the Pipe-fishes (- Syngnathida ). 

Order IV. Ganoidei (Gr. ganos , splendour, or brightness). — 
The fourth order of fishes is that of the Ganoidei, including few 
living forms, but having a great and varied development in past 
geological epochs. The Ganoid fishes are distinguished by the 
imperfect development of the skeleton, which is mostly cartila- 
ginous throughout life, and by having an integumentary skeleton 
composed of ganoid scales, plates, or spines (fig. 103, d ). The 
skull is composed of distinct bones, and there is always a lower 
jaw. There are usually two pairs of fins (pectoral and ventral), 
supported by many series of cartilages, and the ventral fins are 
placed very far back. The first rays in the fins are usually in 
the form of strong spines. The caudal fin or tail ip mostly 
Reterocercal or unsymmetrical (fig. 106, b). The swim-bladder 
is always present, is often cellular, and is provided with an air- 
duct. The gills and gill-covers are essentially the same ass in 
the bony fishes. The heart has one auricle and a ventricle ; and 
the buibus arteriosus is rhythmically contractile, is furnished 
with a distinct coat of muscular fibres, and is furnished with 
several transverses row of valves. 

The best known of the living Ganoids are the Bony Pike 
(Lepidosteus), the Sturgeon (Sturio), and the Polypterus. Of 
these, the Bony Pike is found in the rivers and lakes of North 
America. It is a large fish, attaining a length of several feet, 
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and it has the body entirely covered with an armour of ganoid 
scales arranged in obliquely transverse rows. # The jaws form a 
long narrow snout, armed with a double series of teeth, and the 
tail is heterocercal. The vertebral column jp more perfectly 
ossified than in any other fish, the bodies of the vertebrae being 
convex in front and concave behind (“ opisthocoelous The 
Polypterus (fig. not A) inhabits the rivers Nile and Senegal, 


d 



Fig. no. — Ganoid Fishes. A, Polypterus, a living Ganoid. B, OsieoUpis, a fouU*T 
Ganoid (restored) : a Pectoral fin : b Ventral fin ; c Anal fin ; d Dorsal fins. 


and is remarkable for the peculiar structure of the dorsal fin, 
which is broken up into a series of small detached portions, 
each composed of a single spine in front, with a soft fin attached 
to it behind. Some of the species of Polypterus are stated to 
possess external gills when young, which they lose when grown 
up, thus making an approach to the Amphibia. Many of the * 
fossil Ganoids are more or less closely allied to the living Lepi~ 
dosteus and Polypterus. 

Another great group of the Ganoid fishes is represented by 
the Sturgeons ( Sturionidoe ), in which the skeleton is always 
very imperfectly ossified, and the head, with more or less of the 
body, is protected by large ganoid plates, whfch are often united 
together at their edges by sutures. The true Sturgeons are 
chiefly found in the North Sea, the Caspian, and the Black Sea, 
and they are captured when ascending the great rivers for the 
purpose of spawning. The swim-bladder of the Sturgeons is 
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one of the chief sources tfrom which isinglass is prepared, and 
the roe is sold a<s a delicacy under the name of caviare . The 
place of the Sturgeons in North America is taken by the Paddle- 
fishes (. SpatulariC : ■). 

The group of Ganoids represented at the present day by the 
Sturgeons and Paddle-fishes was formerly represented by nume- 
rous remarkable fishes, which are most abundant in the system 
of rocks known to geologists as the “ Old r Red Sandstone.'* 
The graphic descriptions of Hugh Miller have placed many of 
these fishes before us as living pictures, but space will not allow 
of any further notice of them here. One, however, of the more 
striking forms is figured below (fig. hi). 



Fig- in . — Ccphalaspis Lyellii , from the Old Red Sandstone of Scotland. 


Order V. Elasmobranchii (Gr. elasma , a thin plate ; and 
bragchia, gills). This order includes the Sharks and Rays, and 
is distinguished by the following characters : The skull and 
lower jaw are well developed, but the skull is not composed of 
distinct bones, and simply forms a kind of cartilaginous box. 

1 The vertebral column is sometimes cartilaginous, sometimes 
composed of distinct vertebrae. The integumentary skeleton 
is in the form of placoid scales (fig. 103, c ) — that is to say, of 
detached grains, tubercles, or plates. There are two pairs of 
fins, corresponding to the fore and hind limbs, and the ventral 
fins are placed far back, close to the anus. The heart consists 
of an auricle and ventricle ; and the bulbus arteriosus is rhyth- 
mically contractile, is provided with a distinct coat of muscular 
fibres, and is furnished with several transverse rows of valves. 
The gills are fixed, and form a number of pouches, which open 
internally into the pharynx, and communicate with the outer 
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world by a series of apertures placed on the side of the neck 
(fig. 1 12.) The intestine is very short, but R> compensate for 
this, # the mucous membrane is thrown into a fold, which winds 
round the intestine in close turns from the ^pyloric orifice of 
the stomach to die anus, and which thus greatly increases its 
absorbing surface. 

The best-knougi members of this order are the Sharks and 
Rays, but numerous extinct forms testify to its great abundance 
in past geological epochs. 



Fig. xi2. — A, Head of a Piked Dog-fish {Spinax\ showing the transverse mouth 
on the under side of the head, and the gill-slits on the side of the neck. B, 
Diagram to illustrate the gill-sacs of the sharks : o o. External apertures ; i i, 
Apertures leading into the pharynx ; s s Gill-sacs, containing the fixed gills. 


Tabular View of the Divisions of the Elasmobranchii. 

Sub-order I. Holocepiiali. — The mouth placed at the end of 
the head, and the external opening of the gills in the form of a single 
gill-slit 

The best-known member of this sub-order is the Chimcera momtrosa , 
sometimes called the V King of the Herrings.” 

Sub-order II. Plagiostomi. — Mouth transverse, placed on the 
under surface of the head ; external opening of the gills in the form of 
several slits on each side of the neck, not protected by a gill-cover. 

Fam. a, Cestraphori. — Ex, Port-Jackson Shark. 

Fam, b. Selachii. — Ex, Sharks and Dog-fishes. 

Fam . c, Batides. — Ex, Rays. 

Order VI. Dipnoi (Gr. di t double; pnoi t breath). — This* 
order is a very small one, and includes only the very singular 
Mud-fishes ( Lepidosireti ),* which are of great interest from the 
many points of affinity which they exhibit to the Amphibia* 

* Recently a singular fish has been discovered In the rivers of Que enslan d (Aus- 
tralia), which will probably have to be r e f err ed to the order Dipnoi; but our knowledge 
about it is still imperfect. 

Q 
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The body of the mud-fisfi (fig. 113) is completely fish-like, and 
is protected by 4 covering of small, horny, overlapping scales, 
which have the cycloid characters. There are two pairs of 
limbs, but thesd' are in the form of awl-shaped organs,* each 
supported by a single-jointed cartilaginous rod. The pectoral 
limbs have a membranous fringe inferiorly, and the ventrals are 
placed very far back. There is also a mediae fin behind, form- 
ing a continuous fringe round the compressed tail, and supported 
by cartilaginous rays. 



P 


Fig. xi 3 . — Lepidosiren annectent , the Mud-fish, p Pectdral limbs; tp Ventral limbs. 

The skull is composed of distinct bones, and there is a lower 
jaw ; but the notochord is persistent, and there are no bodies 
of vertebrae developed. The respiratory ‘organs are twofold , 
consisting, firstly , of free filamentous branchiae or gills, con- 
tained in a branchial chamber, which opens externally by a 
single vertical gill-slit ; and, secondly , of true lungs, in the form 
of a double cellular air-bladder communicating with the gul- 
let by means of an air-duct or windpipe. Sometimes, if not 
always, there are rudimentary external gills as well, placed on 
the side of the neck. The heart consists of a ventricle, and of 
two auricles, divided from one another by an incomplete parti- 
tion. Lastly, the nasal sacs open behind into the throat, and 
do not form closed chambers opening only by the nostrils, as 
they do in all other fishes except the Myxinoids. The two best- 
known species are the Lepidosiren par ado xa from the AiAazons, 
and the Z. annectens from the Gambia. They both inhabit 
marshy tracjfr and both appear to be able in the dry season* to 
bury themsmes in the mud, and to form a kind of chamber, in 
which they remain dormant till the rains of the wet season set 
them free. 
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CHAPTER XXVI. 

CLASS II. AMPHIBIA. 

This class of Vertebrata comprises .the Frogs and Toads, the 
Newts and Land-salamanders, the* Ccecilice, and some extinc 
forms, and it may be briefly defined as follows: In all cases > 
gills or branchiae adapted for aquatic respiration are present 
during a part or the whole of life ; but in all cases true lungs ; 
adapted for breathing air are ultimately developed, even when 
the gills are retained through life. All pass through some sort 
of a metamorphosis after being set free from the egg. Thef 
limbs may be absent or there may be only one pair* but in nol 
case are they ever converted into fins. When median fins' 
are present, as is sometimes the case, these are never furnished 
with fin-rays or interspinous bones, as in the fishes. The skull 
always articulates with, .or is jointed to, the spinal column by 
two articular surfaces or condyles. The heart consists of two 
auricles and a single ventricle. The nasal sacs always open be- 
hind into the mouth ; and there is a common cavity or “cloaga” 
which receives not only the termination of the intestine (rectum)* 
but also the ducts of the kidneys and of the reproductive organs. 

The great and distinguishing character of the Amphibia is 
that they invariably undergo some kind of metamorphosis after 
birth ; though in some rare cases the eggs are retained so long 
within the body of the parent that there is little & no obvious 
change. In the great majority of cases, however, the Amphibians 
commence life as water-breathing larvae, provided with gills ; 
but in their adult state they possess true air-breathing lungs, the 
gills sometimes disappearing when the lungs are developed, but 
being sometimes retained throughout life. In the most of 
cases the gills are external r , placed on the sides of the neck, and 
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not contained in a special cavity, thus differing altogether from 
the gills of fishes.* In the Frogs and Toads, and in some others, 
there are "two set| of gills, one external and the other internal, 
of which the former is soonest lost. The lungs of the Amphib- 
ians never attain a very high state of development; and in those 
forms in which the gills are retained throughout life, the chief 
business of respiration appears to be carried on by the gills. In 
accordance with the changes in the respiratory process, corre- 
sponding alterations take place in the blood-vessels. With the 
development of the lungs ^he vessels which carry blood to them 
(the pulmonary arteries) increase in size, whilst the branchial 
vessels, which carry the blood to the gills, undergo a propor- 
tionate diminution. At first the condition of the circulation is 
very much the same as it is in fishes, but ultimately it becomes 
nearly the same as in the true reptiles. 

The Amphibia are divided into three living and one extinct 
order, as follows : — 

1. Ophiomorpha. 

2. Urodela. 

3. Attoura . 

4. Labyrinthodontia . 

Order I. Ophiomorpha (Gr. ophis, a serpent ; and morphe , 
form). — This order is an extremely small one, and, as its name 
implies, it comprises certain snake-like Amphibians. The order 
includes only the curious animals knotyh as Cacilia* which are 
found in Java, Ceylon, South America, and Guinea. The body 
is entirely destitute of limbs, and is enclosed in an integument 
which is thrown into numerous transverse wrinkles, and some- 
times has numerous horny scales embedded in it. The eyes are 
concealed by the skin, and are rudimentary. There is no tail, 
and the anal aperture is placed almost at the extreme end of the 
body. When adult, respiration is carried on by means of f lungs, 
but gills are present in the young, and there can therefore be 
no doubt as to their being genuine Amphibians. 

The Cccciliai are found burrowing in marshy ground, and 
they are not unlike large earth-worms in appearance, but they 
sometimes attain a length of several feet 

Order II. Urodela or Ichthyomorpha (Gr. ichtkus , a 
fish ; and morphe* shape). — Ffcthis order are a number of fish- 
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like Amphibians, of which the Ne>fts and Land-salamanders 
are the most familiar examples. In all th^ members of this 
section the skin is naked, and never develops any hard struc- 
tures, and in all there is a well-developed fish^like tail, which is 
retained throughout life. The vertebrae are sometimes hollow 
at both ends ( amphiccelous ), sometimes hollow behind and con- 
vex or rounded in front (< opisthocaelous ). The ribs are rudimen- 
tary, and the bones of the fore-arm {radius and ulna), and of 
the shank {tibia and fibula), are separate, and are not combined 
so as to form single bones. 

The Ichthyomorpha are not unfrequently spoken of as the 
“ Tailed 0 Amphibians ( Urodela ), and they fall into two natural 
sections, according as the gills are permanently retained through- 
out life, or are cast off before maturity is attained. The animals 
belonging to the first section are often called "perennibranchiate," 
whilst those belonging to the second are said to be “ caduci- 
branchiate." 

Amongst the Perennibranchiate forms, in which the gills are 
permanently retained after the lungs make their appearance, 
the best known examples are the curious Proteus anguinus\ and 
the Mud-eel {Siren). The Proteus is an extraordinary Amphib- 
ian which is found inhabiting the waters of caves in Illyria and 
Dalmatia. It attains a length of about a foot, and is of a pale 
flesh-colour or nearly white. The gills, which are retained 
throughout life, are of a bright scarlet. Both pairs of limbs are 
developed, but they are only short and weak, the fore-limbs 
having three toes each, and the hind-limbs only two. The eyes 
are extremely small, the animal spending its existence in dark- 
ness ; and swimming is effected mainly by means of the tail. 
The Siren or Mud-eel is a large lizard-like Amphibian, which is 
found abundantly in the swamps of South Carolina, and attains* 
the great length of three feet. The external branchiae are re- 
tained throughout life, and they are the main organs of respira- 
tion. The fore-limbs are present, but the hinder pair of limbs 
is never developed. 

The “caducibranchiate" section of this order is characterised 
by the fact that both pairs of limbs are always developed, and 
the branchiae are never retained throughout life. The most fa- 
miliar examples are the Water-salamanders or Newts (Triton), 
and the Land-salamanders. The Newts are well known as in- 
habiting pools in our own country, and the young lead a strictly 
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aquatic life. When die lUhgs are developed the external gills 
wholly disappear, and the respiration becomes strictly aerial, 
though the animals still spend a great part of their time in the 



Fig. xi 4. —The great Water-Newt ( Triton cr (status ), male. (After Bell.) 


water. The larva or young form is at first destitute of limbs, 
and the fore-limbs are the first to be developed, the reverse of 
this taking place in the Frogs. In accordance with their mode 
of life, the tail is compressed and flattened, so as to form an effi- 
cient swimming apparatus. The Water-salamanders are all 
oviparous, and the young are like the tadpoles of the common 
frog. 

The Land-salamanders, in both their adult and young state, 
live upon land, aftd the tail is rounded and cylindrical. The 
young are not developed in water, but are retained within the 
body of the parent for a longer or shorter period, so that the re- 
production becomes ovo-viviparous, or even viviparous. There 
are no Land-salamanders in this country, buf th£y occur upon 
the Continent, and one species lives upon high mountains. 

It is important to remember in connection with all these 

tailed ” Amphibians, that they are wholly distinct from the 
trtfe jU*ards t vtiih which they are often confounded. 'Many of 
theniare completely lizard-like in form, having a long tail and 
two pfirs of legs ; all, however, at some time or other in their 
life, respire by means of gills, and this is never the case with 
any trjie lizard. It must be confessed, however, that a near 
apprpStthk$p the Lizards is made by the Land-salamanders, the 

youhjg of which have sometimes lost their gills before birth. 

. -*■ 

OftpER III. Anou$a or Theriomorpha (Gr. then a beast; 
anil morphe, shape). ~*tThis order is the highest of the Amphibia, 
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and comprises the Frogs and Toads. *It is'sometimes known by 
the name of Batrachia (Gr. batrackos, a frog), j>r Anoura (Gr. a, 
without ; oura, a tail), the latter name being derived from the 
fact that the adults are " tailless." , 

The tailless Amphibia or Thtriomorpha are characterised by 
the Jact that whilst the larva possesses a tail, and is furnished 
with gills, the adul* has no tail, and breathes wholly by lungs. 
Both pairs of liftibs are always developed in the full-grown 
animal, and the hind-limbs are usually considerably longer than 
the fore-limbs, and generally have the toes webbed, whilst those 
of the fore-limbs are free. The skin is soft, and there are rarely 
any traces of any integumentary skeleton. The spinal column 
(fig. 1 1 5) is short ; the dorsal vertebrae are very long ; and the 
ribs are quite rudimentary, their place being taken by greatly- 
developed transverse processes (if). The bodies of the vertebrae 



Fig. 115.— Skeleton of the common Frog {Xana Umporarid% d Dorsal vertebrae, 
with long transverse processes. 

are hollow in front apd convex behind (proccelous). The bones 
of the fore-arm (radius and ulna), and those of the shank 
(tibia and Jftuia), art united together to /orm single bones. 
The upper jaw is usually furnished with ifeeth, and the lower 
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jaw sometimes, but there ate no teeth in the Toads. The lungs 
axe well developed^ comparatively speaking; and as there are no 
Hbs by which the cavity of the chest can be expanded, the air 
is taken into the^lungs by a process nearly akin to thart of 
swallowing. There can be no doubt, also, that the skin plays 
a very important part in the aeration of the blood, and that the 
frogs, especially, can carry on their respiration by means of* the 
skin without the assistance of the lungs for a*very lengthened 
period. This, however, should not lead to any credence being 
given to the often-repeated "stories of frogs and toads being 
found in closed cavities in solid rock, no authenticated instance 
of such an occurrence^ being known to science. The ova ot 
the frogs and. toads are' deposited, in masses or strings, in 
water, and the young or larvae are familiar to every pne as tad- 
poles. Upon its escape from the egg, the young frog (fig. 116) 



Fig. ix6.— Development of the common Frog, a Tadpole, viewed from above, 
showing the external branchiae (f) ; b Side view of a somewhat older specimen, 
showing the fish-like tail ; c Older specimen, in which the hind-legs have made 
their appearance ; d Specimen in which all the limbs are present, but the tail 
has not been wholly absorbed. (After Bell.) 

presents itself as a little fish-like creature with a broad head, a 
sac-like belly, and a long compressed tail with which it swims 
actively! It breathes by means of gills or branchiae, of which 
there are two sets, one external, and the other internal. At 
first there are no limbs ; but, as development proceeds, the 
limbs make their appearance — the hind-legs first, and then the 
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fore-legs. The tail, however (fig. 1 16), is still retained as an 
instrument of progression. Ultimately, wlyen the limbs are 
fully developed, and the gills have given place to lungs, the tail 
disappears, and the animal now takes to thf land as a perfect 
frog. 

The development of the Frog is a good illustration of the 
general zoological law, that the transitory embryonic stages of 
the higher members of any division of the animal kingdom are 
often represented by the permanent condition of the lower 
members of the same division. Thus the transitory condition 
of the young Frog, in which it breathes by external branchiae, 
is to a certain extent permanently represented by the perma- 
nent condition of a perennibranchiate Amphibian, such as 
the Proteus* , The stage at which the external branchiae have 
disappeared, but the tail is still present, and the limbs are 
developed, is permanently represented in the common tailed 
Amphibians, such as the Newts. 

The order Theriomorpha comprises the three families of the 
Frogs, Toads, and Surinam Toads. The Frogs ( Rfnidce ) are 
distinguished by having a tongue which is fixed to the front of 
the mouth, and can be protruded at will, whilst the upper jaw 
is always armed with teeth. In the equally familiar Toads 
( Bu/onidce ) the structure of the tongue is tl|e same as in the 
Frogs, but the jaws are not furnished with teeth. In the 
Surinam Toads ( Pipidce ) there is no tongue at all, and usually 
no teeth. 

Order IV. Labyrinthodontia. — This, the last order of the 
Amphibia, is not represented by any living forms, and requires 
to be little more than mentioned. TJie Labyrinthodonts were 
Amphibia which were all of large size, and of which some * 
must have attained absolutely gigantic dimensions, the skull 
of one species being three feet in length and two in breadth. 
They were first known to science simply by their footprints, 
which were found in certain Secondary sandstones (Trias). 
These footprints consisted of a series of alternately placed 
pairs of hand-shaped impressions, the hinder print of each pair 
being much larger than the fore one. So like were these prints 
to the shape of the human hand that the unknown animal which 
had produced them was christened the “ Cheirotkerium 9 ' (Gr. 
cheir, hand ; ther, beast). Further researches, however, showed 
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that these footprints were produced by various species of large 
Amphibians, to which the name of Labyrinthodontia was ap- 
plied, in consequence of the complicated microscopic structure 
of the teeth. Th^se extinct Amphibians are known to have 
existed at the time of the Coal, but they are most characteristic 
of the period known to geologists as the Trias. 
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SAUROPSIDA. 

CHAPTER XXVII. 

CLASS III. REPTJLIA. 

We commeace now the second great primary division of the 
Vertebrata, namely that of the Sauropsida, comprising the 
Reptiles and the Birds. These two classes, though very un- 
like in externarappearance, are united by the following charac- 
ters : There are never at any period of life gills or branchiae 
adapted for aquatic respiration ; the red corpuscle^ of the 
blood are nucleated (fig. 102, b, c ) ; the skull articulates with 
the vertebral column by means of a single articulating sur- 
face or condyle ; each half of the lower jaw is composed ot 
several pieces, and is jointed to the skull, not directly, but by. 
the intervention of a special bone (the so-called /‘quadrate 
bone ”). 

These being thd characters by which, amongst others, Rep- 
tiles and Birds are collectively distinguished from other Verte- 
brates, it remains to see what are the characters by which the 
Reptiles are distinguished, as a class, from Birds. In all Rep- 
tiles the blood is cold — that is to say, very slightly warmer than 
the temperature of the external medium in which they live. 
The integument secretes scales, with or without bony plates, but 
in no ease do the integumentary appendages take the form of 
feathers. The heatt consists of two auricles, and a ventricle, 
which in most is partially divided into two chambers by an in- 
complete partition, and in a few is completely divided. In any 
case, however, more or less of the impure venous blood is 
mixed with the pure arterial blood which circulates over the * 
body. There is no division between the cavities of the thorax 
and abdomen, and the lungs are not connected with air-sacs 
placed in various parts of the body. *The limbs may be want- 
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ing, or rudimentary, but in no case are the fore-limbs con- 
structed upon th&type of the " wing'* of birds, and in no living 
Reptile is there the bone which is known in Birds as the 
*' tarso-metatarsuf'.” 

The class Reptilia includes the Tortoises and Turtles ( Che - 
Ionia), the Snakes ( Ophidia ), the Lizards ( Lacertilia ), and the 
Crocodiles ( Crocodilia ), With the exceptibn of the Tortoises 
and Turtles, they are mostly of an elongated cylindrical form, 
furnished behind with a long tail. The limbs may be altogether 
absent or quite rudimentary, as in the Snakes, but in almost all 
the higher members of the class there are two pairs of limbs, 
which may be either adapted for walking or swimming, and 
which in some extinct forms support a flying membrane. The 
internal skeleton is always bony, never cartilaginous or semi- 
cartilaginous as in many of the fishes. The skull is joined to 
the spine by a single articulating surface (or condyle). The 
lower jaw is complex, each half being composed of several 
pieces united by sutures. In Tortoises and Turtles, however, 
these separate pieces are amalgamated together, and the two 
halves are also united, so that the, whole lower jaw appears to 
form a single piece. In most Reptiles, on the other hand, the 
two halves of the lower jaw (fig. 117) are only loosely united ; 
in the Snakes by ligaments and muscles** [n the Lizards by gristle, 
and in the Crocodiles by suture. In all, the lower jaw is jointed 



Fig. xi 7. —Skull of a 'Serpent (Python), a Quadrate bone ; b Lower Jaw, 
articulating with the movable quadrate bone. 


to the skull by means of a special bone, called the “ quadrate 
bohe” ; and as this often projects backwards, the opening of the 
ynouth is often very extensive^ and may even extend backwards 
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beyond the base of the skull (fig. 117, a). Teeth are generally 
present, but these are used chiefly to hold the prey, and not in 
biting or chewing the food. Except in the Crocodiles, the teeth 
are not sunk into distinct sockets, and they && usually replaced 
as fast as shed. They likewise do not differ from one another 
sufficiently in form or function as to allow of their being divided 
into different se(s,*as they can be in the Mammals. Usually 
the teeth are confined to the jaws proper, but in some cases they 
are carried by other bones of the mouth. In the Tortoises and 
Turtles there are no teeth, and the jaws are simply sheathed 
in horn, so as to constitute a kind of beak, like that of a bird. 
The integumentary skeleton is in th^form of scales, sometimes 
combined with bony plates. In the Tortoises and Turtles 
the integuiftentary skeleton is so united with the true skeleton 
as to form a kind of bony case or box, in which the body is 
enclosed. 

The digestive system presents little worthy of special notice, 
except that the termination of the intestine (i rectum ) opens into 
a cavity called the M cloaca/* which receives also the ducts of the 
urinary and generative organs. 

It is, however, in the structure of the circulatory and respir- 
atory organs that the most important characters of the Reptiles 
are to be looked for. The heart in all Reptiles may be regarded 
as being, in function , three-chambered, being composed of two 
auricles and a single ventricle, imperfectly divided by an in- 
complete partition. In the Crocodiles alone the heart is, struc- 
turally, four-chambered, the ventricle being divided into two 
by a complete partition. Here, however, the same results are 
brought about as in the other Reptiles, by means of a com- 
munication which subsists between the great vessels which # 
spring from the ventricles thus formed.^n the ordinary Rep- 
tiles the course of the circulation is as follows (fig. 118): The 
implire or venous blood that has circulated through the body is 
poured by the great veins into the right aurible (a). The pure 
or arterial blood that has been submitted to the action of the 
lungs is poured by the pulmonary veunrinto the left auricle (ot). 
Both auricles empty their contents into the ventricle, and as the 
partition which divides the ventricle is an incomplete one, it 
follows, that the venous and arterial streams must mix to a 
greater or less extent in the ventricle. From the ventricle* arise 
the great vessels which carry the blood to the lungs and to all 
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parts oi the body, and it follows, as a matter of necessity, that 
all these parts ar^supplied with a mixed fluid, consisting partly 
of impure or venous blood, and partly of pure or arterial blood. 
In the Crocodile^ in which there are two ventricles completely 

separated from each other, the 
same result is brought about 
by means oV communication 
which takes place between the 
great vessels which spring from 
the ventricles, in the immediate 
neighbourhood of the heart. 

, From this brief description it 

will be seen that the peculiarity 
of the circulation *in Reptiles 
consists in the fact, that the 
lungs and all parts of the body 
are supplied with mixed blood; 
whereas in the higher Verte- 
brates the lungs are supplied 
with pure venous blood, and 
9 the various tissues of the body 
with pure arterial blood. 

As regards the structure of 
the lungs, it is merely to be 
noted that there is no partition 
(diaphragtn or midriff) separ- 
ating the two cavities of the 
Fig. it8.— Diagram of the circulation of thorax and abdomen, and that 

th f '“”**• therefore, often at- 
auricle, receiving arterial blood from tain a great proportionate Size, 
the lungs ; v Arterio-vendta ventricle, sometimes extending through 
containing mixed blood, which is driven , . . , , . ? 

by (/) the pulmonary artery to the «dinOSt the whole length of the 

lungs, and by (a) the aorta to the body, cavity of the trunk. There 

(The venous system is left light, the •_ ; 

arterial systems black, and the ves- are . a,so no air-sacs commum- 

sels containing mixed blood are cross- eating with the lungs, as in the 
•haled). Birds. 

Lastly, all Reptiles are essentially oviparous, some being 
ovo-viviparous. The egg-shell is usually parchment-like, but 
in other cases contains more or less calcareous matter. 

The class ReptiUa is divided into four living and five extinct 
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orders, as follows, but space will Aot allow of any notice of 
more than the first three of the latter : — • 

1. Chtlonia (Tortoises and Turtles). 

2. Ophidia (Snakes). 

3. Lacertilia (Lizards). 

4. Crocodilia (Crocodiles). 

5. Ichthyopterygia\ 

6. & auropterygia I 

7. Pterosauria ; Extinct. 

8. Anomodontia I 

9. Deinosauria ) 
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CHAPTER XXVIII.' 

DIVISIONS OF REPTILIA. 

Order I. Ciielokia. — In this order are included the vari- 
ous Tortoises and Turtles, characterised by having the body 
enclosed in a bony case or box, and by the fact that the jaws 
are not provided with teeth, but are encased in horn, so as to 
form a kind of beak. The case in which the body. of a Chelon- 
ian is protected is composed partly of integumentary plates and 
partly of flattened bones belonging to the true skeleton, and it 
is composed essentially of two pieces, one placed on the back 
and the other on the lower surface of the body, firmly united 
together at their edges. The dorsal shield is more or less con- 
vex and rounded, and is called the carapace (fig. 119, ca); whilst 
the ventral shield is more or less completely flat or concave, and 
is called the plastron. The carapace and plastron, as just said, are 
united by their edges, but they leave two openings, one in front 
for the head, and one behind for the tail. The carapace is es- 
sentially composed of the flattened and Expanded spinous pro- 
cesses of the vertebrae, and the greatly-developed ribs, covered 
by a series of horny plates. These are growths of the integu- 
ment, and in some cases they constitute the “ tortoise-shell *’ of 
commerce. The plastron is also composed paltly of bony and 
partly of horny plates, but opinions differ as to whether the 
bony plates are to be looked upon as formed by an expanded 
breastbone, or whether they are merely integumentary, the 
probabilities being in favour of the latter view. 

The remaining peculiarities with regard to the skeleton which 
deserve, special mention are : Firstly, that the dorsal vertebra 
are immovably connected together, so that this region .of the 
spine is quite inflexible ; secondly, that the heads of the ribs are 
articulated directly to the bodies of the vertebrae ; and, thirdly, 
that the scapular and pelvic arches, supporting respectively the. 
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fore and hind limbs, are situated within the carapace (fig. 119 , 
s and p\ so that the shoulder-blade is piaced»iV&»7& the ribs in- 
stead of outside, as is usually the case. 



Fig 1 19. — Skeleton of a Tortoise (Entys Eurvpara), seen from below, the plastron 
having been removed, ca Carapace, showing the flattened and expanded ribs ; 
x Scapular arch, carrying the fore-limbs, and placed in the interior of the cara- 
pace ; p Pelvic arc^carrying the hind-limbs ; r Ribs. 

The Chelonia are conveniently divided into groups, according 
as thef limbs are adapted for swimming (natatory), or for pro- 
gression on land (terrestrial) ; or, again, enable the animal to 
lead an amphibious life, sometimes on land and sometimes in 
the water. Of the strictly aqtiatic forms the best known are 
the edible Green Turtle ( 1 Chelonia midas) and the Hawk’s-bill 
Turtle ( Chelonia imbricate t). The former is found abundantly 
in many of the seas of warm climates, and is largely imported 
into Europe as a delicacy. The latter (fig. 120) is truly a 
native of warm seas, though an occasional straggler has reached 
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our shores. It is of comparatively small size — not more than 
about three feet in length — but is of considerable commercial 
importance, as it furnishes the “tortoise-shell” of trade, so 
largely used in various kinds of ornamental work. 



Fig. 120 .— -The Hawk-billed Turtle (Chetonin imMcatay-aS ter Bell. 


In the aquatic Chelonians, or Turtles, the carapace is flattened, 
and the toes are united by skin, so as to form efficient swim- 
ming-paddles. In the Land-tortoises ( Testudinida ), on the other 
hand, the carapace is rounded and convex, and the toes, though 
not very distinct, are furnished with short claws. The most 
familiar species in this country is the Testudo grceca , which is 
often kept as a domestic pet. * 

- Order II. Ophidia. — This order includes most of the animals 
which would commonly be called snakes or serpents, and is 
'characterised by the following peculiarities : The body is 
always more or less elongated, worm-like, or cylindrical, and 
the skin develops homy scales, but never bony plates. There 
is never any breastbone {sternum), nor pectoral arch, nor fore- 
limbs ; nor, as a rule, are there any traces of hind-limbs. In a 
few cases, however, rudimentary hind-limbs can be detected. 
The ribs are always very numerous. The two halves of the 
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lower jaw are composed of several pieces each, and they are 
united to one another in front only by ligaifients and muscles 
(fig. J17). Hooked, conical teeth are always present, but they 
are never lodged in distinct sockets, and are*bnly used to hold 
the prey, and not in mastication. The lungs and other paired 
organs are often nqj symmetrical, one of each pair being usually 
smaller than the ether, or altogether absent. 

The most striking of these characters of the snakes is to be 
found in the nature of the organs of locomotion. The fore- 
limbs are invariably altogether wanting, ahd there is no pectoral 
arch nor breastbone; and the hind -limbs are either totally 
absent, or are at best represented by a pair of rudimentary 
bones, concealed within the muscles on each side of the vent, 
and never exhibiting any outward evidence of their existence 
beyond the occasional presence of short horny claws or spurs. 
In the entire absence, then, or rudimentary condition of the 
limbs, the snakes progress by means of the ribs, which are 
always excessively numerous, and, in the absence of a breast- 
bone, are also extremely movable. Their free ends, in fact, are 
simply attached by muscular fibres to the scales or “scutes,” 
which cover the lower or abdominal surface of the animal. The 
number of ribs varies from 50 up to 320 pairs, and by means of 
this arrangement the snakes are able to progress rapidly, walk- 
ing, as it were, upon the ends of the ribs. Their movements 
are also much assisted by the extreme flexibility of the whole 
spine, caused by the cup -and -ball articulation of the bodies of 
the vertebrae, each of which is concave in front, and convex 
behind ( proccelous ). 

Of the other characters of the snakes, a few words may be 
said as to the tongue, the eye, and the teeth — all important 
structures in this order. The tongue, in serpents, is probably 
more an organ of touch than of taste, and consists of two 
muscular cylinders, which are united towards their bases. The 
forked organ thus formed can be protruded and Attracted at 
will, being in constant vibration when protruded, and being in 
great part concealed by a sheath when retracted. The eye of 
serpents (fig. 121, A) is not protected by any eyelids, and hence 
the peculiar stony and unwinking stare for which these reptiles 
are celebrated. In place of eyelids, the outer layer of the skin 
is prolonged over the eye as a continuous and transparent film, 
behind which is a chamber formed by the mucous covering of 
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the eye, into which the tears are discharged. The outer mem- 
brane is periodicafly shed along with the rest of the external or 
epidermic layer of the integument, and is again renewed. ,The 
pupil is round in*most serpents, but it forms a vertical slit or 
fissure in the venomous snakes and in the Boas. 

As regards the teeth, it is to be noticed #iat the snakes are 
not in the habit of chewing their prey, but«of swallowing it 
whole, and the construction of their dental apparatus is in 
accordance with this peculiarity. The lower jaw, as before 
said, articulates with the skull by means of a quadrate bone (fig. 
1 17), and this in turn is movably jointed to the cranium. The 
two halves of the lower Jaw are also merely united loosely in 
front by ligaments and muscles. I n consequence of this peculiar 
arrangement of parts, the serpents have the power of opening 
the mouth to an extraordinary width, and they can perform the 
most astonishing feats in the way of swallowing. The teeth are 
simply fitted for seizing and holding the prey, but not in any 
way for chewing or dividing it. In the harmless snakes the 
teeth are in the form of solid cones, which are arranged in rows 
round the whole of the upper and lower jaws, a double row 
existing on the palate as well. In the venomous snakes, on the 
other hand, the ordinary teeth* are usually wanting upon the 
upper jaws, and these bones are themselves much reduced in 
size. In place of the ordinary teeth, however, the upper jaws 



Fig. i3i.— A, Diagrammatic Section of the Eye of a Viper (after Cloquet): a Eye- 
ball ; b Optic nerve ; c Chamber into which the tears are poured ; d Epidermic 
layer covering the eye. B, Head of the common Viper (after BellX showing the 
poison-fangs. 

carry the so-called “poison-fangs" (fig. 121, B). These are a 
pair of long curved fangs, one on each maxilla or upper jaw- 
bone, which, when not in use, are pointed backwards, but can 
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be raised at will by special muscles. Each tooth is perforated 
by a fine canal or tube, which opens by a district aperture at the 
point of the fang, and is connected with the duct of the " poison- 
glarfd.” This is a gland, situated under aiyl behind the eye, 
secreting the poisonous fluid which renders the bites of these 
snakes dangerous or fatal. When the serpent strikes at any 
animal, the poisorf is forced through the poison-fang into the 
wound, partly by the contractions of the muscular walls of the 
gland, and partly by the compressive action of the muscles of 
the jaws. In some other snakes, several of which are not cer- 
tainly known to be venomous, there are large grooved fangs 
placed far back in the mouth upon the upper jaw. 

Of the non-venomous harmless snakes, we have an excellent 
instance incur common Ringed Snake (Coluber natrix), which 
is of frequent occurrence in most parts of this country. Like all 
the snakes, it is strictly carnivorous, having a special liking for 
frogs which it swallows whole. It often takes to the w;ater, and 
can swim rapidly and gracefully, though in this respect it is ex- 
celled by the true venomous water-snakes (Hydroph t'da), which 
are adapted to an aquatic life by having a compressed swimming- 
tail. Other non-venomous snakes, such as the Boas and Pythons, 
though destitute of poison-fangs, are nevertheless highly dan- 
gerous and destructive animals. Their bite is harmless, and 
they seize their prey by coiling themselves round it in numerous 
folds. By gradually tightening these folds, they reduce their 
victim to the condition of a shapeless bolus, which they finally 
proceed to swallow whole. In this way, a large Python or Boa 
will certainly succeed in disposing of an animal as large as a 
sheep or calf ; and it has been asserted that human beings, and 
even oxen, can also be swallowed by unusually large specimens ( 
of this family. 

The poisonous snakes are familiarly known by our own com- 
mon«Viper (Pelias berus , fig. 121, B), which is abundant in 
many parts of this country. It is a harmless animal, unless 
trodden on or otherwise irritated ; but its bite is always attended 
with more or less serious results, and there seems to be no doubt 
but that it has sometimes proved fatal in the case of children. 
Other venomous snakes of evil notoriety are the Rattlesnake 
(Crotalus horr£dus) t of America, the Hooded Snake (Naja) of 
India, and Horned Snake (Cerastes) of Egypt; but there are 
many others which are equally dangerous. 
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Order III. Lacertilia. — The third order of reptiles is that 
of the Lacertilia, comprising all the animals which are properly 
known as Lizards, together with some snake-like creatures, such 
as the Blind-worjn. They are distinguished by the following 
characters : Usually there are two pairs of well -developed 
limbs, but there may be only one pair, or all the limbs may be 
rudimentary. In all cases, however, a scapillar arch is present. 
The vertebra are usually hollow in front ( proccelous ), rarely 
hollow at both ends (amphiccelous). In no living Lacertilian 
are the teeth lodged in distinct sockets. The eyes are mostly 
furnished with movable eyelids. 

As a general rule, the apimals included under this head have 
four well -developed legs, and would therefore be popularly 
called “ Lizards." Some of them, however, such as the common 
Blind-worm (. Anguis fragilis) of our own country, exhibit no 
external indications of limbs, and would therefore be generally 
regarded as Snakes. These snake-like Lizards, however, can 
be distinguished from the true Ophidians by the consolidation 
of the bones of the head and jaws, and by the fact that the eyes 
are generally provided with movable eyelids. Dissection also 
shows that the shoulder-girdle (or scapular arch) is always pre- 
sent in a rudimentary condition. 

Few Lizards are natives of Britain ; the only forms which can 
be said to be at all abundant being the Blind-worm or Slow- 



Fig. xaa.— Iguana. 

worm and the Sand -lizard (Lacerta agilis ). Of all living 
Lizards the largest are the Monitors ( Varanida ), which are 
exclusively confined to the Old World, and attain sometimes a 
length of ;from six to eight feet Very large, too, are some of 
the Iguanas (fig* 122), which occur in warm regions in various 
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parts of the world, but especially in §outh America, where they 
are often eaten. Related to the Iguanas are the singular Lizards 
known as the Flying Dragons ( Draco volans ), various species 
of which inhabit the Indian Archipelago agd the East Indies. 
They are all of small size, living in trees and feeding on insects ; 
and their great peculiarity consists in the fact that certain of 
the ribs are straightened out and support a wing-like fold of the 
skin on each siae of the body, by means of which the animal 
can take very extensive leaps from tree to tree. 

The Geckos (jGeckotidce) form a large group of night-loving 
Lizards, which are found in most parts of the world, and chiefly 
deserve notice from the fact that tljeir eyes are not provided 
with movable eyelids. The Chameleons, also, cannot be said 
to possess ^movable eyelids, for the eye is covered with a single 
lid, leaving only a central aperture for the pupil. The common 
species (1 Chameleo A/ricanus) occurs abundantly in the north 
of Africa, and has long been known for the changes of colour 
which it has the power of exhibiting. It is a sluggish animal, 
and catches insects by darting out its long and protrusible 
tongue with extreme rapidity. 

Order IV. Crocodilia. — The last and highest order of the 
living Reptiles is that of the Crocodilia , comprising the Croco- 
diles, Alligators, and Gavials, and characterised by the follow- 
ing peculiarities : The outer or integumentary skeleton consists 
partly of horny scales developed by the outer layer of the skin, 
and partly of large bony plates produced by the inner layer of 
the skin. The bones of the skull and face are firmly united, 
and the two halves of the lower jaw are joined by a distinct 
suture. The teeth form& single row in both jaws, and are im- % 
planted in distinct and separate sockets. The front ribs of the 
trunk ire double-headed, and there are no collar-bones. The 
heart consists of four distinct chambers, two auricles and two 
ventricles, all completely separated from one another. The 
mixture of arterial and venous blood, however, which is so 
characteristic of Reptiles, is provided for by a communication 
between the great vessels which spring from the two ventricles 
in the immediate neighbourhood of the heart. The eyes are 
protected by movable eyelids, and the ear by a movable ear-lid. 
The tongue is large and fleshy, and is immovably attached to 
the bottom of the mouth (hence the belief of the ancients that 
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the Crocodile had no tongue). Lastly, the Crocodilia agree 
with the typical Lizards, and differ from the Snakes in having 
four well-developed limbs. 



Fig. 123.— Skull of young Crocodilus biporcatus (after Van der II oven). 


The Crocodilia abound in the fresh waters of hot climates, 
and are the largest of all living Reptiles, not uncommonly 
attaining a length of sixteen feet or upwards. The best known 
of the Crocodilia is the Nilotic Crocodile, which occurs abund- 
antly in Egypt, and was described by both Herodotus and 
Aristotle. Little less familiar is the Alligator or Caiman ( Alli- 
gator M ississipiensis ) , which attains a length of fourteen feet, 
and occurs abundantly in many American rivers and swamps. 
The Gavial or Gangetic Crocodile occurs in India, and is not 
so commonly known. It lives in the Ganges, attains a length 
of many feet, and feeds chiefly upon fish. 

Order V.Ichthyopterygia. — In this order are included a 
number of gigantic fish-like Reptiles, which are all extinct, and 
are characteristic of the Secondary period of geology, and 
^especially of the formation known as the Lias. The chief 
characters by which they are distinguished have reference to 
their purely aquatic life, for there can be no doubt that they 
were inhabitants of the sea. Thus the body was fish-like with- 
out any distinct neck. The vertebrae were hollow at both ends 
(< amphiccclous ), and the spine thus possessed the flexibility and 
power of motion so characteristic of the true fishes. The 
limbs also constituted powerful swimming-paddles (fig. 124), 
and it is probable that there was a vertifcal tail-fin. 

Much has been gathered from various sources as to the 
habits of the Ichthyosauri , and their history is one of the most 
interesting chapters in the geological record. That they chiefly 
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kept to open seas may be inferred from their strong and well* 
developed swimming apparatus ; but the presence of a power- 
ful bony arch supporting the fore-limbs proves that they must 



Fig. 124 .—Ichthyosaurus com mums. 

occasionally have betaken themselves to the land. That they 
were tenants of stormy waters, or w^e in the habit of diving in 
search of prey, has been inferred from the fact that the eyeball 
is protected from pressure by a ring of bony plates. That they 
possessed great powers of vision, especially in the dusk, seems 
to be rendered certain from the size of the pupil and the enor- 
mous width of the bony cavities (orbits) which contained the 
eyes. Lastly, that they were carnivorous and predacious in the 
highest degree is shown by their wide mouths, long jaws, and 
numerous powerful and pointed teeth. This is also proved by 
an examination of their petrified droppings, which are known 
as “ coprolites,” and which contain in abundance undigested 
fragments of fishes and other marine animals. 

Order VI. Sauropterygia. — The Reptiles belonging to 
this order agree with the last in being all extinct, and in being 
confined to the Secondary period of geology. The best known 
are the Plesiosauri , which resembled the Ichthyosauri in having 
all the limbs converted into swimming-paddles, but differed in 
several respects, of which the most obvious is the great elon- % 
gation of the neck (fig. 125).* The Plesiosauri were gigantic 



Fig. 125 . — Plesiosaurus dolichodeh'us . 


marine Reptiles, chiefly characteristic of the formations known 
as the Lias and Oolites. As regards the habits of the Plesio- 
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saurus. Dr Conybeare concludes: u That it was aquatic is 
evident from the /orm of its paddles ; that it was marine is 
almost equally so from the remains with which it is universally 
associated ; that i^ may have occasionally visited the shore, the 
resemblance of its extremities to those of the Turtle may lead 
us to conjecture ; its movements, however, must have been very 
awkward on land ; and its long neck musf* have impeded its 
progress through the water, presenting a striking contrast to 
the organisation which so admirably fits the Ichthyosaurus to 
cut through the waves." As its breathing-organs are such that 
it must of necessity have required to obtain air frequently, it 
may be inferred “ that it swam upon or near the surface, arch- 
ing back its long neck like a swan, and occasionally darting it 
down at the fish which happened to float within its reach. It 
may perhaps have lurked in shoal-water along the coast, con- 
cealed amongst the sea-weed, and, raising its nostrils to a level 
with the surface from a considerable depth, may have found a 
secure retreat from the assaults of powerful enemies ; whilst the 
length and flexibility of its neck may have compensated for the 
want of strength in its jaws and its incapacity for swift motion 
through the water.'*’ 

Order VII. Pterosaur! a. — The Reptiles of this order are 
all extinct, and, like those of the preceding orders, are exclusively 
confined to the Secondary period of geolqgy; The most famil- 
iar examples are the ^so-called Pterodactyls^ and the distin- 
guishing characters of the order have reference to the fact that 
they were all adapted for an aerial life. They present, in fact, 
an extraordinary combination of the characters of birds and 
reptiles, and they make also some approach to the Mammalian 
‘order of the Bats. In the presence of teeth in distinct sockets, 
and, as we shall see hereafter, in the structure of the fore-limbs, 
the Pterodactyles differ altogether from all known birds; 1 and 
there can be little doubt as to their being genuine Reptiles. The 
only living Reptile which has any power of sustaining itself 
in the air is the little Draco polans , which has^een previously 
mentioned. In this case, however, the animal has no power of 
true flight, but is simply enabled to take extensive leaps by 
means of a membranous expansion on each side of the body. 
In the Bats, again, the power of genuine flight is present; and 
this is given by means of a leathery membrane which is sup- 
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ported chiefly by certain of the fingers — wftch are greatly length- 
ened — and is attached to the sides of the body and hind-limbs. 



Fig. 126 . — Pterodactyl us brevirostris , the skeleton and the animal restored. 


In the Pterodactyles the power of true flight was present ; 
and this was also conditioned by means of a leathery expanded 
membrane, attached to the hind-limbs, the sides of the body, 
and the fore-limbs. In this case, however, the chief support of 
the flying-membrane was derived from the outermost finger of 
the fore-limb, which was enormously elongated (fig. 126). That 
the Pterodactyles passed their existence chiefly in the air, and 
did not simply leap from tree to tree, is shown by two characters 
in which they agree with the flying birds. Many of the bones, 
namely, were 41 pneumatic ” — that is tS say, were hollow, and 
were filled with air, thus giving the animal the degree of light- 
ness necessary for flight. Secondly, whilst the shoulder-girdle 
has many of the characters of birds, the breastbone (sternum) 
is furnished with a prominent ridge or keel, serving for the^ 
attachment of the great muscles which work the wings. There 
can be no doubt, therefore, as to the Pterodactyles having 
enjoyed the power of genuine flight. Many of them attained 
no great size, but some of them must have been gigantic, the 
expanse of wing in one species having been calculated at pro- 
bably about twenty-seven feet from tip to tip. 
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CHAPTER XXIX. 

CLASS IV. AVES. 

The fourth class of the Vertebrates is that of the Birds or Aves f 
which may be shortly defined as being “ oviparous Vertebrates, 
with warm blood, a double circulation, and a covering of fea- 
thers" (Owen). The other leading characters which separate 
the Birds from the other Vertebrata are that the red blood-cor- 
puscles are nucleated, the skull articulates with the spine by a 
single articulating surface (or condyle), the breathing-organs are 
in the form of lungs, which communicate with a variable num- 
ber of air-sacs scattered through the body* and the fore-limbs 
are never terminated* (in existing birds) by more than two fingers, 
ending in claws, and are generally modified so as to form “ wings" 
or organs of flight. 

The feathers, which form such a distinctive character of birds, 
are formed by a modification of the outer layer of the skin (epi- 
dermis), and from thefr non-conducting nature they serve to 
maintain the high temperature of the body which is so charac- 
teristic of the class. A typical feather, such as one of the long 
feathers of the tail or wing, consists of the following parts: i. 
A homy cylindrical tube, which forms the lowest portion of the 
feather, and is termed the ** quill." 2. Thc^“ shaft," which forms 
the central axis of the feather, and which is simply the continu- 
ation of the “ quill." The under surface of the shaft is always 
marked by a strong longitudinal groove, and it consists of a 
horny sheath, filled with a white spongy malarial, not unlike 
the pith of a plant. 3. The " webs," which form the lateral ex- 
pansions of the feather, and are attached to the sides of the 
shaft. Each web is composed of a number of small branches, 
called £he “ barbs," and each barb, in turn, is furnished with a 
series of smaller fibres called the “ barbules." As a rule, the 
barbs are all kept in connection with one another by..xneans of 
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the barbules, the ends of which are nootcea. Towards the base 
of the shaft, however, the barbs are usually more or less sep- 
arate and placed at a distance from one another, constituting 
what is known as the “down.*' In the Ostriches and the birds 
allied to them, all the barbs are disunited and placed at a dis- 
tance, and they are often not at all unlike hairs in appearance. 
The feathers of Jjfirds not only greatly conduce to the high tem- 
perature of the body, but also serve to keep out moisture, to 
which end there is a peculiar oil-gland at the base of the tail, 
with the secretion of which the bird anoints its plumage. 

The skeleton of birds exhibits many points of peculiar inter- 
est, mostly in adaptation to an aejial mode of life ; but only 
some of the more important of these can be noticed here. The 
entire skefeton is at the same time peculiarly compact and sin- 
gularly light, the compactness being due to the presence of an 
"unusual quantity of phosphate of lime, and the lightness to the 
fact that many of the bones are filled with air in place of mar- 
row. The cervical region (neck) of the vertebral column is un- 
usually long and flexible, since the fore-limbs are useless as 
organs of prehension, and all these functions have to be per- 
formed by the beak. In all birds the neck is, at any rate, suffi- 
ciently long to allow of the application of th* beak to the tail, 
so as to permit of the cleaning and oiling of the whole plumage. 
The vertebrae which form the back or dorsal region of the spine 
are generally more or less immovably connected together, so 
as to give a base of resistance to the wings. In the Ostrich, 
however, and in other birds in which the power of flight is 
either very limited or is absent, the dorsal vertebrae are more 
or less movable one upon the other. The vertebrae which 
follow the dorsal region of the spine are all amalgamated to- 
gether to form a jingle bony mass, which is termed the 
" sacrum,” and this, in turn, is united on both sides with the 
bohes which form the pelvic arch, which carries the hind-limbs. 
The vertebrae of the tail are more or less movable upon one 
another; and^in almost all living birds, when fully grown, the 
last joint of tile tail (fig. 128, B, s) is a long, slender, plough- 
share-shaped bone, which is really composed of several vertebrae 
united together. It is usually set on at an angle nearly per- 
pendicular to the axis of the body, and it serves to support the 
great tail-feathers, which act as a rudder during flight It also 
serves to support the oil-gland, which supplies the secretion 
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with which the feathers are lubricated. The skull in birds has 
its several bones {generally so amalgamated in the adult, that 
it forms a bony case of a single piece, the lower jaw alone 
remaining movable. The head is jointed to the spine by no 
more than a si ngle f articulating surface or condyle. The beak, 
which forms such a conspicuous feature in birds, is composed ot 
two halves, an upper half or 44 upper mandible/' and a 44 lower 
mandible. 9 ' The lower mandible, like the lower jaw of all the 
Sauropsida % is at first composed of several pieces, but these are 
all undistinguishably united in the adult, and the two halves of 
the jaw are also amalgamated together. In no adult bird are 
teeth ever developed in either mandible; but both mandibles 
are sheathed in horn, constituting the 11 beak,” and the margins 
of this sheath are sometimes serrated. * 

The most characteristic points, however, in the skeleton of the 
birds, are to be found in the structure of the limbs. The cavity* 

of the chest or tharax is bounded behind by the dorsal vertebrae, 
on the sides by the ribs, and in front by the breast-bone or 
sternum. The ribs vary in number from seven to eleven pairs, 
and in most birds each rib gives off a peculiar process (fig. 127, 
B), which passes over the rib next in succession behind. In 
front the ribs are jpinted to a series of straight bones, which are 
callcd'the 41 sternal ribs,” and these, in turn, are movably artic- 
ulated 9 * to the breastbone in front. According to Owen, these 
sternal ribs are “the centres upon which the respiratory move- 
ments hinge.” In front the cavity of the chest is completed by 
an enormously- expanded breastbone or sternum (fig. 127, A), 
which, in most birds of any powers of flight, extends more or 
less over the abdominal cavity.as well. The sternum of all birds 
which possess the power of flight is characterised by the pre- 
sence of a prominent ridge or 44 keel ” (fig. 127, A, £), to which are 
attached the great muscles (pectoral muscles) which move the 
wings. As a general rule, the size of this crest or keel give£ a 
tolerably just estimate of the flying powers of the bird to which 
it belonged. The keel is, of course, most largely developed in 
those birds which possess the power of flight in its greatest per- 
fection ; and in those which do not fly, such as the Ostrich, there 
is no sterpal keel at all. The pectoral arch or shoulder-girdle of 
birds consists of the shoulder-blades ( scapula?), the clavicles or 
collar-bone§, and of two bones, which are distinct in birds, and 
are called the 44 coracoid bones.” The shoulder-blades (s s) are 



usually long and narrow bones. ThS corScoid bones (k X) cor- 
respond with the part of the shoulder-blade which is known in 
most of the Mammals as the " coracoid process;” and in birds 
thejffcre not only separate bones, but they are the strongest 
bones of the pectoral arch. They are more cfr less nearly verti- 



Fig. 197. — A Breastbone, shoulder-girdle, and fore-limb of Penguin (after Owen): 
b Breastbone (sternum), with its prominent ridge or keel ; s s Shoulder-blades 
(scapula-) ; k k Coracoid bones ; c Kurculum or Merry - thought, composed of 
the united collar-bones (clavicles) ; h Bone of the upper arm or humerus ; r 
Radius ; u Ulna, forming together the fore-arm ; 7 Bones of the wrist or carpus ; 
t Thumb ; w Metacarpus ; p Phalanges of the fingers. B Ribs of the Golden 
Eagle ; a a Ribs giving off processes (b b) ; c c Sternal ribs. % 

cal, and they form fixed points for the downward stroke of the 
wirife. The collar-bones or clavicles (c) in the great majority 
of birds are united together in front, so as to form a some- 
what V-shaped bone, which is technically called the “fur- 
culum,” but is familiarly called the " merry - thought.” The 
function of this clavicular arch is to keep the wings asunder 
during their downward stroke, and the strength of the ftirculum 
varies, therefore, with the powers of flight enjoyed by each bird. 
The bones which form the limb proper, or “ wing,” are consider- 
ably modified to suit the special function of flight, but essentially 
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the ssfine parts are pr?sent°as in the fore-limb of the Mammals. 
The upper arm is constituted by a single bone, the humerus (h) 9 
which is generally*short and stout. The fore-arm is composed 
of two bones, the radius ( r ) and the ulna (u) 9 of which the tflrta is 
the bigger. Thest* are followed by the small bones, which form 
the wrist or carpus (g), but these are reduced to two in number. 
The carpus is followed by the bones which constitute the root 
of the hand or metacarpus ( m) 9 but these are also reduced to 
two , instead of being five in number, as they are in most Mam- 
mals. The two metacarpal bones are als£ amalgamated together 
at both ends, so as to form a single piece, at the base of which, 
on its outer side, is a rudimentary digit, the 11 thumb ” (/), which 
carries a tuft of feathers, Known as the “bastard wing.” The 
metacarpal bones, finally, support each a single finger (p) 9 of 
which one is never composed of more than one bone or phalqpx , 
whilst the other is composed of two or three phalanges. (To 
understand thoroughly the leading modifications of the limbs of 
birds, the student will do well to refer to the general description 
of the limbs of Vertebrates, p. 202, figs. 98, 99.) 

As regards the composition of the hind-limb in birds, the two 
halves of the pelvic arch the innominate bones) always form 
a single piece each, and they are always firmly united with the 
sacral region of the spine. With the single exception, however, 
of the Ostrich, they do not unite below, but remain separate. 
As in the higher Vertebrates, the lower limb consists of a thigh- 
bone (femur), a shank, composed of two bones (tibia and fibula ), 
a tarsus, a metatarsus, and phalanges, but some of these parts are 
obscured by coalescence. The; thigh-bone or femur (fig. 12 8,/) is 
generally very short, comparatively speaking; and the chief bone 
of the leg is the tibia (/), to which a thin and taperin ^fibula (r) 
is attached. In the regular typical limb of a Vertebrate animal 
the tibia and fibula would be followed by a series of Small bones, 
called the tarsus , constituting the ankle-joint (fig. 99) ; and the 
tarsus would in turn be followed by a series of bones constitut- 
ing the root of the foo£ or metatarsus . In birds, however, the 
ankle-joint is placed in the middle of the tarsus. All the tarsus 
above the ankle-joint is undistinguishably amalgamated with 
the lower end of the tibia. All the tarsus below the ankle-joint 
is fused With the whole metatarsus into a single cylindrical bone 
(m), called the tarso-metatarsus. In most of the long-legged 
birds it is by the great elongation of the tarso-metatarsus that 
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the enormous length of the legs is produced. The taiso-meta- 
tarsus is followed below by the foot, whicfe consists in most 
birds of four toes, of which three are directed forwards and one 
bacRftards. In no wild birds are there more ^ian four toes ; but 
some domesticated varieties possess a fifth. In all birds with 
four toes, the toe which is directed backwards consists of two 



Fig. xa8. — A, Pelvis and bones of the Leg of the Loon or Diver (after Owen) : i 
Innominate bone \f Thigh-bone {femur ) ; t Tibia, r fibula, together forming the 
shaftk ; m Tarso-meta tarsus ; p Phalanges of the toes. B, Tail of the Golden 
Eagle : s Ploughshare-shaped bone, carrying the great tail-feathers. 


phalanges ; the innermost of thti three forward toes has three 
phalanges, the next has four, and the outermost or little toe is 
composed of five. In many birds, such as the Parrots, the 
little toe is turned backwards, so that there are two toes in 
front and two behind. In the Swifts, again, all the four toes 
are turned forwards. In many of the swimming birds {Nata- 
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tores) the hinder, toe is Wanting or rudimentary; and in the 
Ostrich both thise and the next toe are absent, so that the foot 
consists of no more than two toes. 

The digestive ^ystem in Birds consists of the beak, tbhgue, 
gullet, stomach, intestine, and cloaca, with certain accessory 
glands. There are no teeth, and the beak is employed, in dif- 
ferent birds, for holding and tearing the pfey, for prehension, 
for climbing, and in some cases as an organ of touch, 
being in these last instances more or less soft, and supplied 
with nervous filaments. In many birds, too, the base of 
the bill is surrounded by a circle of naked skin, constituting 
what is called the u cere,” and this too serves as an organ of 
touch. The tongue of birds can rarely be looked upon as an 
organ of taste, since it is generally cased in horn, Hke the man- 
dibles. It is principally employed as an organ of prehension, 
but it is soft and fleshy in the Parrots, and in them, doubtless, 
acts as an organ of taste. Salivary glands are always present, 
but they are rarely of large size, and are often of extremely 
simple structure. In accordance with the length of the neck, 
the gullet is usually very long in birds, and is generally very 
dilatable. In the flesh-eating and grain-eating birds the gullet 
is dilated (fig. .T29, c) into a pouch which is called the “ crop,” 
and is situated in the lower part of the neck, just in front of 
the merry-thought. This may be simply a dilatation of the 
tube of the gullet, or it may be a single or double pouch. The 
function of the crop is to detain the food, for a longer or shorter 
period according to its nature, before it is submitted to the 
action of the proper digestive organs. In the Pigeons, the food 
which has been previously softened in the crop is returned to 
the mouth, and supplied to the young in a state suitable for 
digestion. The gullet, after leaving the crop, shortly opens 
into a second cavity, called the " proventriculus,” which is the 
true digesting stomach, and is richly supplied with glands 
which secrete the digestive fluid or gastric juice (p). This, in 
turn, opens into a muscular cavity which is called the “ giz- 
zard” (g) t and which leads into the commencement of the small 
intestine. The characters of the gizzard vary with the nature 
of the food. In the birds of prey, which live on an easily- 
digested animal diet, the walls of the gizzard are thin and 
membranous. Id the grain-eating birds, such as the fowls, 
whose hard food requires to be crushed before it can be pro- 
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perly digested, the walls of the gizzard are extremely thick and 
muscular, and the inner lining is hard ancf horny. In these 
birc]%the gizzard constitutes a kind of grinding apparatus, like 
the stones of a mill ; whilst the "crop" may He compared to the 
11 hopper" of the mill, since it supplies to the gizzard “small 
successive quantises of food as it is wanted" (Owen). The 
grinding action of the gizzard is further assisted by the small 
pebbles and gravel which, as is well known, so many birds are 
in the habit of swallowing. These pebbles take the place of 
teeth, and there can be no doubt that they are in many cases 



Fig. 129. — -Digestive System of the common Fowl (after Owen), o Gullet; c Crop ; 
/ Broventriculus ; g Gizzard ; sm Small intestine ; k Intestinal caeca ; / Large 
intestine ; cl Cloaca. 

essential to health, the bird being otherwise unable to triturate 
its food properly. The intestinal canal extends from the giz- 
zard to the cloaca ( cf), and is comparatively short The secre- 
tions of the liver and pancreas are poured into the commence- 
ment of the small intestine. The commencement of the large 
intestine is furnished in most birds with two blind tubes or 
“ caeca" (£). These vary considerably in length in different 
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birds, and are sometimes wanting ; whilst their exact function 
is still questionable. The large intestine is seldom more than 
a tenth part of the length of the body, and is generally con- 
ducted straight from the caeca to the cloaca. The cloaca 
is a common cavity which in birds, as in Reptiles, receives the 
termination of the intestine and the ducts t of the generative 
and urinary organs (cl). « 

Respiration is effected in Birds more completely, extensively, 
and actively than in any other class of the Vertebrata , and, as 
the result of this, their average temperature is higher than 
in any other Vertebrates. This extensive development of the 
respiratory process is due to the fact that air is admitted in 
Birds not only to the lungs, but also to the interior of a greater 
or less number of the bones, and to a series of air-receptacles 
which are scattered through various parts of the body. The 
lungs are two in number, of a bright-red colour, and spongy 
texture, and they are confined to the back part of the chest. 
They differ from the lungs of Mammals in not being freely 
suspended in a membranous bag (pleura), but in being fixed 
to the back wall of the chest. The thoracic and abdominal 
cavities are not separated from one another by a complete par- 
tition (midriff or diaphragm) as the Mammals, but the com- 
mon thoracico-abdominal cavity is subdivided by means of 
membranous partitions into a series of cavities or sacs, which 
are termed the 41 air-receptacles.” These air-sacs are filled 
with air from the lungs, and vary considerably in nuhnber and 
size in different birds. They serve not only greatly to reduce 
the specific gravity of the body, but also assist largely in the 
aeration of the blood. Connected with the' air-receptacles, 
and supplementing their action in both of these respects, is a 
series of cavities occupying the interior of a greater or less 
number of the bones, and also containing air. In young birds 
these air-cavities in the bones do not exist, and the bodes are 
simply filled with marrow, as in the Mammals. In the Pen- 
guin, which does not fly, none of the bones contain air-cavities 
or are “ pneumatic ; " and in the Ostrich only a few of the bones 
contain air. In the Pelican and Gannet all the bones of the 
skeleton, except the phalanges of the toes, are permeated by 
air; and in the Hornbill even these are pneumatic. 

The heart in all birds consists of four chambers, and the 
two sides of the heart ard completely separated from one 
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another, in all essential details, as regards the structure of the 
heart and great vessels, and the course of the circulating fluid, 
birds agree with Mammals. The impure venous blood which 
has*flraversed the body, is returned by the great veins to the 
right auricle. From the right auricle it pasfies into the right 
ventricle, from which it is driven by the pulmonary artery to 
the lungs. Having been submitted to the action of the air con- 
tained in the lui%s, and having been thereby changed into ar- 
terial blood, the blood is sent back to the left auricle by means 
of the pulmonary veins. Thence it passes into the left ventricle, 
by which it is again propelled throughout the whole body, to 
return again as venous blood to the right side of the heart. The 
heart, therefore, of birds, differs froiri that of reptiles in consist- 
ing of two sides, each composed of an auricle and ventricle, the 
right side being wholly concerned with sending the venous blood 
to the lungs, and the left side being entirely occupied with send- 
ing the arterial blood to the body. The right side of the heart 
is therefore venous, the left side arterial. In all Reptiles, on 
the other hand, the two circulations — namely, that through the 
lungs and that through the body — communicate with one an- 
other, either in the heart itself or in its immediate neighbour- 
hood ; so that both the lungs and the body ar£ supplied with a 
mixture of venous with arterial blood. Though the heart of 
Birds resembles that of Mammals in general structure, its ca- 
vities are “ relatively stronger, their valvular mechanism is more 
perfect, and the contractions of this organ are more forcible and 
frequent in Birds, in accordance with their more extended res- 
piration and their more energetic muscular actions ” (Owen). 
The urinary organs of birds consist of two elongated kidneys, 
which open by means of their ducts (the ureters) into the 
cloaca, along with the termination of the intestine and the 
ducts of the reproductive organs. As a general rule, the female 
bird is provided with only a single ovary — that of the left side 
— and all birds, without exception, are oviparous. The egg is 
always enclosed in a calcareous shell, and is developed after 
expulsion from the body, by the process of i# incubation " or 
“brooding” — a process for which birds are especially adapted, 
in consequence of their very high average temperature^ The 
young bird, when ready for an independent existence, perforates 
the shell, often by means of a temporary calcareous excrescence 
developed upon the point of the upper mandible of the bill* In 
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some 'birds, mostly in the” case of those which live upon the 
ground, the young are able to run about and look for food 
directly after they come out of the egg (Aves preecoces ) f as is 
seen in the common Fowl. In most birds, however, the young 
are liberated fro nf the egg in a perfectly helpless and naked 
condition, and require to be fed by their parents for a longer or 
shorter time, before they are able to take carre of themselves. 
Most of these birds ( Aves al trices), such as out common song- 
birds, reside in trees, and build more or less elaborate nests. 

As regards their nervous system, the brain of birds is relatively, 
larger than the brain of Reptiles, but it is destitute of those 
folds or convolutions which form so marked a feature in the 
brain of most Mammals. "The organs of sense, with the excep- 
tion of touch and taste, are well developed in Birds, vision es- 
pecially being generally extremely acute. The eyes are always 
well developed, and in no bird are they ever wanting or rudi- 
mentary. The chief peculiarity of the eye of Birds is, that its 
anterior portion ( cornea ) forms the segment of a much smaller 
circle than does the eyeball proper ; so that the whole eye as- 
sumes a conical shape. Another peculiarity is that the form of 
the eye is maintained by means of a circle of from thirteen to 
twenty bony plates, which are placed in the front portion of the 
fibrous coat of the eye ( sclerotic ). Eyelashes are almost uni- 
versally absent; but in addition to the ordinary upper and 
lower eyelids, birds possess a third membranous eyelid — the 
membrana nic titans — which is placed on the inner side of the 
eye. This nictitating membrane is sometimes transparent, 
sometimes pearly white, and it can be drawn over the front of 
the eye like a curtain, moderating the too great intensity of the 
light. As regards the organ of hearing, the chief point to re- 
* mark is that Birds posses no external ear, by means of which 
the undulations of sound can be collected and transmitted to 
the internal ear. In some birds, however, as the Ostrich, the 
external opening of the organ of hearing is provided with a 
circle of feathers, which can be raised and depressed at will* 
The sense of smell is apparently seldom very acute in Birds, 
and even the Birds of Prey appear to seek their food mainly by 
the sig)it. The external nostrils are usually placed on the sides 
of the upper mandible, near its base, and form simple perfora- 
tions which sometimes communicate from side to side. In the 
curious Apteryx of New Zealand, the nostrils are placed at the 
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extreme end of the elongated beak. Sometimes the nostrils 
are defended by bristles, and sometimes Ijy a cartilaginous 
scale. 

Bhfore passing on to a consideration of the divisions of Birds p 
a few words may be said on the migrations of Birds. In tem- 
perate and cold climates, few birds remain constantly in the 
same region in^hich they were originally hatched. Those 
which do so are called M permanent birds” ( aves manentes ). 
Other birds, such as the Woodpeckers* migrate from place to 
place without following any very definite course. These are 
called “ wandering birds” {aves erratic#), and their movements 
are chiefly conditioned by the scarcity or abundance of food in 
any particular locality. Other birds, nowever, at certain seasons 
of the yean undertake long journeys, usually uniting for this 
purpose into larger or smaller flocks. Such birds — of which 
the swallows are a familiar instance — are properly called “ mi- 
gratory birds” {aves migratoria); and their movements are 
conditioned by the necessity of having a certain average tem- 
perature, without which they cannot live. Thus the migra- 
tory birds of cold climates, when the cold season comes on, 
travel to warmer countries ; but when the hot season of these 
regions approaches, they migrate back again to temperate 
zones. 
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CHAPTER XXX. 

DIVISIONS OF BIRDS* 

Birds may be variously divided, but for our present purpose 
it is most convenient to regard them as divided into the follow- 
ing eight orders : — 

I* Natatores or Swimming Birds , characterised by having 
the feet webbed, and the legs short and placed far back ; whilst 
the body is closely covered with feathers, and with a thick coat- 
ing of down next the skin. {Ex. Ducks, Geese, Pelicans.) 

II. Grallatores or Wading Birds , characterised by having 
very long legs, which are destitute of feathers from the lower 
end of the tibia tdownwards. The toes are usually long and 
straight, and are never connected to one another by membrane. 
{Ex. Curlews, Snipes, Herons, Storks.) 

III. Cursores or Running Birds, characterised by having very 
short wings, which are not used in flight ; the breastbone is 
without a ridge or keel ; the legs are very robust ; and the hind 
toe is wanting or rudimentary. {Ex. Ostriches and Emeus.) 

IV. Rasores or Scratching Birds , characterised by usually 
having strong feet, with powerful blunt claws, used for scratch- 
ing. The upper mandible of the bill is strongly curved and 
vaulted, and the nostrils are pierced in a membranous space at 
its base, and are covered by a cartilaginous scale. {Ex. Fowls, 
Pheasants, Pigeons.) 

V. Scansares or Climbing Birds , characterised by having a 
climbing foot, in which two toes are turned backwards and two 
forwards* {Ex. Woodpeckers, Parrots, Cuckoos.) 

VI. fjnsessores or Perching Birds , characterised by having 
short and slender legs, with three toes in front and one behind, 
the whole foot being adapted for perching* {Ex. Larks, Linnets, 
Swallows, Crows, Humming-birds.) 
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VII. Raptores or Birds of Prey , characterised by having a 
strong* sharp-edged* and sharp- pointed beak* adapted for tear- 
ing animal food, and by their robust legs, armed with four toes, 
thffeG in front and one behind, all of which are furnished with 
long, strong, crooked claws or talons. (Ex. Eagles, Hawks* Owls.) 

VIII. Saururce or Lizard - tailed Birds t characterised by 
having a tail longer than the body* composed of numerous 
distinct and movable vertebrae, each of which carries a single 
pair of quill-feathers. (This order includes only the remarkable 
fossil bird, the Arc/ueopteryx.) 

Order 1. Natatores. — The order of the Swimming Birds 
comprises birds which are as much at home in the water as upon 
land, or even more so. In accordance with their aquatic mode 
of life, the Natatores have a boat-shaped body, generally elon- 
gated, and usually having a long neck. The legs are short, and 
are placed behind the centre of gravity of the body ; this posi- 
tion enabling them to act admirably as swimming-paddles, at 


Fig. 130.— Natatores. A, Foot of the Cormorant; B, Beak of the Bean-Goose 

(after JanJiiic). 

the same time that it renders the gait upon dry land compara- 
tively awkward and shuffling. The toes in all the Natatores are 
webbed to a greater or less extent, or, in other words, are united 
by a membrane (fig. 130, A). In many the web or membrane 
between the toes is stretched completely from toe to toe, but in 
others the membrane is divided between the toes, so that the 
feet are only imperfectly webbed. As their aquatic mo<Vc of life 
exposes them to great reductions of temperature* the body in the 
Natatorial birds is closely covered with feathers, with a thick 
covering of down next the skin. They are further protected 
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against becoming wet whilst in the water by the great develop- 
ment of the oil-gland at the tail, by means of which the dense 
plumage is kept constantly oiled. As a rule, the Natatorial 
birds are polygamous, each male having several females; ‘and 
the young are hatdned in a condition not requiring assistance 
from their parents, being able to swim about and procure food 
for themselves the instant they are liberated from the egg. 

Amongst the more important families of the* A Tatatores may 
be enumerated the Penguins (« Spheniscidce ), the Auks ( Alctdce), 
the Gulls and Terns {Laridcz), the Petrels ( Procellarida ) 9 the 
Pelicans ( Pelicanus ), the Cormorants ( Phalacrocorax ), the Gan- 
nets (Sula), the Ducks ( Anatince ), the Geese ( Anserina r), and 
the Swans ( Cygnidee ). * 

Order II. Grallatores. — The Wading Birds for the most 
part frequent moist situations, such as marshes and shallow 
ponds, the shore of the sea or the banks of rivers or lakes* 



Fig. 1 31. — Grallatores. A, Leg and Foot of Curlew ; B, Head of Snipe ; 
C, Beak of AvoceL 


though some of them keep entirely, or almost entirely, to the 
dry land. In accordance with their semi-aquatic, amphibious 
habits, ,the Wader? are distinguished by the great length of 
their legs — the increase in length being chiefly due to the 
elongation of the tqrso-metatarsus. The legs (fig. 131, A) are 
also unfeathered or naked, as far as the lower end of the tibia. 
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at any rate. There are three anterior toes, and usually St short 
hind-toe; but the toes are never completely webbed, though 
they are sometimes partially palmate. The wings are long, and 
thetpower of flight is usually considerable ; but the tail is very 
short, and its function as a rudder is chiefly transferred to the 
long legs, which are stretched out behind in flight. The beak 
is almost always af great length, generally longer than the^head 
(fig. 131, B), anfl usually more or less pointed, though it is some- 
times flattened. In the Avocet (C) the bill is curved upwards, 
instead of being straight, or bent downwards, as is generally 
the case. The typical Waders, as before said, spend most of 
their time wading about in shallow water, feeding upon small 
fishes, shell-fish, worms, and insects* Others, such as the Storks, 
live mostly upon the land, and are more or less exclusively 
vegetable feeders. 

Amongst the more important Grallatorial birds are the Rails 
(. Rallidce ), Water-hens ( Gallinulce ), Cranes ( [Gruida .*), Herons 
( Ardeidce ), Storks ( Ciconince ), Snipes (< Scolopacida ), Sandpipers 
( Tringidce ), Curlews ( Numentus ), Plovers ( Charadriidcc) % and 
Bustards (fit idee). 

Order III. Cursores. — The Running o£ Cursorial Birds, 
comprising the Ostrich, Cassowary, Emeu, Rhea, and Apteryx, 
are characterised by the rudimentary condition of the wings. 



Fig. 132.— Cursores. A, Foot of the Ostrich ; B, Breastbone (sternum) 
of the Emeu. 

which are useless as organs of flight, and by the compensating 
length and strength of the legs. In accordance with this con- 
dition of the limbs, the bones have few air-cells, and the breast- 
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bone is* destitute of the prominent ridge or keel to which the great 
muscles of the winp are attached (fig. 132, B). The two sides 
of the pelvis are united together below in the Ostrich, and in all 
the pelvic arch has great strength and stability. The legrf* are 
extremely powerful? and the hinder toe is wanting in all except 
the Apteryx, in which it is present in a rudimentary condition. 
The fjront toes (fig. 132, A) are either two ornhree in number, 
and are furnished with strong blunt claws or nails. The feath- 
ers present the remarkable peculiarity that the barbs, instead 
of being connected by means of the barbules, are disconnected 
and separate from one another, thus coming to resemble hairs 
in appearance. 

The African Ostrich ( Struthio camelus ), which is one of the 
best known members of this order, inhabits the desert plains of 
Africa and Arabia, and is the largest of living birds, attaining 
a height of from six to eight feet. The head and neck are 
nearly naked, and the quill-feathers of the wings and tail have 
their barbs wholly separate, constituting the ostrich-plumes of 
commerce. The legs are extremely strong, and the feet have 
only two toes each. The Ostriches run with extraordinary 
speed and can outstrip the fastest horse. They are polygamous, 
each male having several females, and they keep together in 
larger or smaller flocks. The American Ostriches or Rheas 
are much smaller than the African Ostrich, and have the head 
feathered, whilst the feet are furnished with three toes each. 
They inhabit the great plains of tropical America, and are 
polygamous. The Emeu (Dromaius) is exclusively confined to 
New Holland. In size it nearly equals the African Ostrich, 
standing from five to seven feet in height, and it is not uncom- 
monly kept as a domestic pet. The Cassowary (Casuartus) 
inhabits the Moluccan Islands and New Guinea, and was first 
brought alive to Europe by the Dutch. It stands about five 
feet in height, and possesses a singular horny crest upon »the 
head. The last of the living Cursorial birds is the curious bird, 
the Apteryx of New Zealand. In this remarkable bird the 
beak is extremely long and slender, and the nostrils are placed 
at the extremity of the upper mandible. The legs are compara- 
tively short, and there is a rudimentary hind-toe, provided with 
a claw. The feathers of the general plumage are long and 
hair-like, and the wings are altogether rudimentary. 
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Order IV. Rasores. — The Scratching Birds — or, as they are 
often called, the Gallinaceous Birds — are characterised by the 
fact that the upper mandible of the bill is convex and vaulted 
B), and has a membranous space at its base, in which 
the nostrils are pierced. The nostrils ar^ also covered by a 
cartilaginous scale. The legs are strong and muscular, and are 
often covered with feathers as far as the ankle-joint. There are 
four toes (fig. 133, A), three in front, and a short hind-toe placed 
on a higher level than the others. All the toes, in the typiciil 




Fig. 133. — Rasores. A, Foot of a Fowl ( Gal/us ) ; B f Head of the Guinea-fowl. 


members of the order, are provided with strong blunt claws, 
suitable for scratching. The food of thg Rasores consists 
chiefly of hard grains and seeds, and in accordance with this, 
they have a large crop, and an extremely strong and muscular 
gizzard. They generally lay their eggs upon the ground, and 
they are mostly polygamous, each male having several mates. 
The Doves, however, pair for life. The males take no part in 
building the nest or in hatching the eggs ; and the young are 
generally precocious, being able to run about and provide them- 
selves with food from the moment they quit the egg. The 
wings are usually weak, and the flight feeble, and accompanied 
with a whirring sound ; but many of the Pigeons are powerful 
fliers. * 

The order Rasores is divided into two very well marked sec- 
tions or sub-orders, called respectively the Gallinacei and 
Columbacei. In the Gallinacei are all the typical forms of the 
order, and the characters of this section are therefore the same 
as those of the order itself. They are distinguished Jfrom the 
Columbacei mainly by being less fully adapted for flight, their 
bodies being much heavier, comparatively speaking, their legs 
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and feet stronger, and their wings shorter. They are also poly- 
gamous, and the males usually possess " spurs,” and are more 
brilliantly coloured than the females. In this section are the 
grouse ( Tetraonidd ), the Pheasants ( Phasianida ? ), the common 
Fowl, the Turkey, the Guinea-fowl, and many other allied birds. 

The Columbacei comprise the Pigeons and Doves, and they 
are separated from the typical Rasores by Being much more 
fully adapted for flight. They are furnished with strong wings 
and are good fliers ; and in place of being ground-birds, their 
habits are to a great extent arboreal, in accordance with which 
the feet are slender and are adapted for perching. They are 
also not polygamous, and their voice is of a much more gentle, 
soft, and melancholy character. (Hence the name of Gemi tores 
applied to this section, whilst the Gallinacei are called the 
C/amafore$.) Besides the true Pigeons and Doves, this sub- 
order includes also the remarkable extinct bird, the Dodo, 
which was of gigantic size, comparatively speaking, and in- 
habited the island of Mauritius up to the commencement of the 
seventeenth century. 

Order V. Scansores. — The order of Scansores or Climbing 
Birds is very shortly and easily defined, having no other dis- 
tinctive and exclusive peculiarity, except the fact that the feet 
have four toes, of which two are turned backwards and two 



Pig. 134.-^ A, Foot of Woodpecker (Pints ) ; B, Head of Love-bird {Agajomis\ 

forwards (fig. 134, A). Of the two toes which are turned back- 
wards, one is the proper hind-toe, and the other is the outer- 
most or little toe. This arrangement of the toes enables the 
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Scansorial birds to climb with great ease and readiness. 9 Their 
powers of flight are usually very moderate, and below the 
general average/ and their food consists of insects and fruits of 
vartous kinds. Their nests are usually made in the hollows of 
old trees, but some (Cuckoos) have the femarkable habit of 
depositing their eggs in the nests of other birds. They are 
never polygamous, and the young are born in a naked and 
helpless condition. 

The most important families of the Scansores are the Cuckoos 
(Cucu/idce), the Woodpeckers (. Picidce ), and the Parrots, Parra- 
keets, Love-birds, and Macaws (Psittacida). The Parrots are 
all natives of hot climates, and the beak is hooked, and is used 
as a kind of third foot in climbing (fig. 134, B). Some of the 
Parrots, however, can move about actively on the ground. 

Order VI. Insessores. — The sixth order of Birds is that 
of the Insessores or Perchers , often spoken of as the Passerine 
Birds. They are defined by Owen as follows : “ Legs slender, 
short, with three toes before and one behind, the two external 
toes united by a very short membrane ,f (fig. 135, A, B). 

“ The Perchers form by far the most numerous order of birds, 
but are the least easily recognisable by distinctive characters 
common to the whole group. Their feet, being more especially 
adapted to the delicate labours of nidification” (building the 
nest), “have neither the webbed structure of those of the 
Swimmers , nor the robust strength and destructive talons which 
characterise the feet of the Birds of Rapine, nor yet the extended 
toes which enable the Wader to walk safely over marshy soils 
and tread lightly on the floating leaves of aquatic plants ; but 
the toes are slender, flexible, and moderately elongated, with 
long, pointed, and slightly curved claws. * 

€i The Perchers , in general, have the females smaller and less 
brilliant in their plumage than the males; they always live in 
pairs, build in trees, and display the greatest art in the con- 
struction of their nests. The young are excluded in a blind 
and naked state, and are wholly dependent for subsistence dur- 
ing a certain period on parental care. The brain arrives in 
this order at its greatest proportionate size ; the organ # of voice 
here attains its utmost complexity ; and all the characteristics 
of the bird, as power of flight, melody of voice, and beauty ot 
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plumafee, arc enjoyed c in the highest perfection by one or other 
of the groups of this extensive and varied order.” 

The structure, then, of the feet gives the definition of the 
order, but the minor subdivisions are founded on the nature of 
the beak ; this organ varying in form according to the nature of 
the food, which may be 11 small or young birds, carrion, insects, 
fruit, seeds, vegetable juices, or of a mixed k£nd.” In accord- 
ance with this character, the Insessores have Wen divided into 
four great sections, as follows : — 

i. Conirostres , — in which the bill is strong and on the whole 
conical, broad at the base and tapering with considerable rapid- 
ity to the point (fig. 135, C). The upper mandible is not markedly 
toothed at its lower margiit. Good examples of the Coniros- 



Fig. 135.— Inaeworee. A, Foot of Yellow Wagtail ; B, Foot of Water Ouzel ; C, 
Conirostral beak (Hawfinch); D, Dentirostral beak (Shrike); E, Tenuirostral 
beak (Humming-bird) ; F, Fissirostral beak (Swift). 

tral beak are to be found in the common Sparrow, Bullfinch, 
Crow, or Hawfinch (Q. The greater part of the Conirostres 
are omnivorous, eating anything which may come in their way ; 
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but some are granivorous, subsisting upon grains and seeds. 
To this section belong the Horn-bills ( Bucetgfdae ), the Starlings 
(Stumida), the Crows. Jays, and Magpies (Corrida), the Cross- 
bi 1 \%*(Loxiadee), and the numerous Finches and Larks (Frin- 
gtllida). * 

2. Dentirostres . — The birds of this section are characterised 
by the fact that jHfe upper mandible of the beak is notched or 
toothed on its lower margin near the tip (fig. 135, D). They all 
feed upon animal food, especially upon insects. In this section 
are the Shrikes (Laniidct), the Fly-catchers (M uscicapidce\ the 
Thrushes ( Merulida\ and the Warblers ( Sylviadce ). 

3. Tenuirostres . — In this section tbf beak is long and slender, 
gradually tapering to a point (fig. 135, E). The toes are gene- 
rally very long and slender, especially the hinder toe. Many 
live to a great extent upon vegetable juices, and amongst these 
are some of the most fragile and brightly-coloured of all the 
birds. A great many, however, live upon insects, either par- 
tially or entirely, and some of these approach nearly to the 
Dentirostres iTi many of their characters. Amongst the more 
important groups included in this section are the Creepers 
( Certhida ), the Honey-eaters (. Mcliphagidce ), the Humming-birds 
( Trochi/idee), and the Hoopoes ( Upupind ). : 

4. Fissirostres . — The beak in the Fissirostral birds (fig. 135, F) 
is generally short, and remarkably wide in its gape, and the open- 
ing of the bill is protected by a number of bristles. This arrange- 
ment is in accordance with the habits of the Fissirostres^ the 
typical forms of which live upon insects and take their prey upon 
the wing. The most typical Fissirostres , in fact, such as the 
Swallows and Goat-suckers, fly about with their mouths open, 
and the insects which they catch in this way are prevented from 
escaping, partly by the bristles which border the gape, and partly 
by a sticky secretion within the mouth. The most typical «Fis- 
siroslral birds are the Swallows and Martins (Hirundinidce) y 
the Goat-suckers (( Caprimulgidce ), and the Swifts (Cypselidai) ; 
but to these the Bee -eaters ( Meropidd ) and the King-fishers are 
usually added. 

Order VII. Raptores. — The Birds of Prey are character- 
ised by the form of the beak, which is adapted for tearing ani- 
mal food (fig. 136, B). The upper mandible is the longest, 
hooked at its point, “ strong, curved, sharp-edged, and sharp- 

T 
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pointed, often armed with a lateral tooth ” (Owen). The body 
is extremely muscular ; the legs are robust, short, with three 
toes in front and one behind ; all the toes armed with strong, 
curved, crooked claws or talons (fig. 136, A). They all deed 
upon the flesh of* other animals, which they either kill for 
themselves or find dead, and their flight is generally extremely 
rapid and powerful. They are not polygamous, and the female 



Fig. 136. — Raptores. A, Foot of Peregrine Falcon ; B, Head of Buzzard. 

is larger than the male. They usually build their nest in lofty 
and inaccessible situations, and seldom lay more than four eggs. 
The young are hatched in a naked and helpless condition. 

The Raptores are divided into two sections, — the Nocturnal 
Birds of Prey, which hunt at night, and the Diurnal Birds of 
Prey, which hunt by day. In the former section is only the 
single family of the Owls (Strigidce\ in which the eyes are large, 
and are directed forwards; whilst the plumage is exceedingly 
soft and loose, so as to render their flight almost noiseless. 
The Owls hunt their prey in the twilight or on moonlight 
nights, and they live mostly upon field-mice and small birds, 
but they will also eat insects and frogs. In the section of the 
diurnal Raptores are the Falcons and Hawks, the Eagles and 
the Vultures. In all these the eyes are smaller than in the 
Owls and are placed laterally, and the plumage is not soft. 
They usually possess extraordinary powers of flight The wings 
are long and pointed, the sternal keel is greatly developed, the 
pectoral muscles are of large size, and many of them exhibit 
powers of locomotion more rapid than those enjoyed by any 
other members of the animal kingdom. 


Order VIII. Saurur^e. — This order includes only the 
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single extinct bird, the A rchaopteryx, which has been found in 
the Oolitic rocks of Germany. The A rcbmopteryx was about 
as big as a common rook, and shows many singular points of 
resemblance to the true Reptiles. It differs from all living 
birds in having two free claws to the wing, and in possessing a 
long lizard-likfe tail. Instead of the ploughshare-shaped bone 



Fig. 137. — Archaeopteryx. Tail and detached bones. 

which terminates the tail in living birds (fig. 128, B), the tail in 
Archaeopteryx is very long, and consists of about twenty distinct 
and separate vertebrae, each of which supports a pair of quill- 
feathers. The tail, therefore, except for the presence of feathers, 
must have been very like that of a Reptile. 
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MAMMALIA. 

CHAPTER XXXI. 

CLASS y. MAMMALIA. 

The Mammalia include all the ordinary quadrupeds, and may 
be shortly defined as comprising Vertebrate Animals in which 
some part or other of the skin is always provided with hairs , 
and the young are nourished for a longer or shorter time by 
means of a special fluid— the milk — secreted by special glands — 
the mammary glands . These two peculiarities are of them- 
selves sufficient to separate the Mammals from all other classes 
of the Vertebrate sub-kingdom. In addition, however, to these 
two leading characteristics, the following points are of scarcely 
less importance : — 

1. The skull is united with the spinal colum by means of two 
articulating surfaces or condyles, instead of one, as in the 
Reptiles and Birds. 

2. The lower jaw consists of two halves, each composed of 
a single piece, and united in front. The lower jaw, also, is 
always jointed directly with the skull, and there is no quadrate 
bone. 

3. The heart consists — as in Birds— of four distinct chambers, 
two auricles and two ventricles. The right and left sides of the 
heart are completely separated from one another, and thcflre is 
never any direct communication between the blood sent to the 
lungs and that sent to the body. The red corpuscles of the 
blood (fig. 102, a) are, in the great majority of cases, in the 
form of circular discs, and they never contain any internal solid 
particlfe or nucleus. 

4. The cavities of the chest (thorax) and abdomen are separ- 
ated from one another by a muscular partition, which is called 
the midriff or diaphragm, and is the chief agent in respiration. 
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5. The respiratory organs are in the form of two lungs, placed 
in the chest, and never communicating ^yith air -receptacles 
situated in different parts of the body. In no case and at no 
pefiod of life are gills or branchiae present. 

As regards the skeleton of the Mammalia it is not necessary 
to add much tg fthat was said in speaking of the Vertebrata 
generally. With few exceptions, the spinal column is divisible 
into the same regions as in man — namely, the neck or cervical 
region, the back or dorsal region, the loins or lumbar region, 
the sacral region, and the tail or caudal region (see fig. 98). In 
spite of the great differences observable in the length of the 
neck in different Mammals, the number of vertebrae which 
form the cervical region is extraordinarily constant, being 
almost invariably seven. In this respect the Giraffe, which is 
one of the longest-necked of Mammals, agrees with the Whale, 
which can hardly be said to have a neck at all. The vertebrae 
of the back or dorsal region are mostly thirteen in number, but 
are often more. In man there are only twelve; and in some 
cases there are only eleven or ten. The lumbar vertebrae are 
usually six or seven in number; five in man ; rarely less than 
four. The sacral vertebrae are usually amalgamated to form a 
single bone — the sacrum — but this is wanting in the Whales. 
The number of vertebrae in the tail or caudal region varies from 
four to as many as five-and-forty, and they are usually freely 
movable upon one another. The thoracic cavity or chest in 
Mammals is always enclosed by a series of ribs; the number of 
which varies with the number of the dorsal vertebrae. As a rule, 
the ribs are united to the breastbone or sternum in front, not 
by bony pieces, as in birds, but by cartilages. Only the front . 
ribs reach the sternum, and these are called the true " ribs ; 
the hinder ribs fall short of the breast-bone, and are called the 
M false ” ribs. The sternum is composed of several pieces, 
placed one behind the other, but usually amalgamated to form 
a single bone. It is usually long and narrow in shape, and is 
only rarely furnished with any ridge or keel, as it is in birds. 
The regular number of limbs in the Mammals is four, two 
anterior and two posterior ; and for this reason the Mammals 
are often spoken of as Quadrupeds. Some Mammals, however, 
such as the Whales and Dolphins, have only the anterior limbs, 
and many of the Amphibia and Reptiles walk upon four legs. 
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As regards the structure or the fore-limbs ('fig. 99), the general 
plan of conformatign is the same as described in treating of the 
Vertebrata generally (p. 202). The shoulder-blade or scapula 
is never absent ; and the coracoid bone, which is so marked a 
feature in the bircfs, is with hardly an exception amalgamated 
with the scapula. The clavicles or collar-bones are often want- 
ing or rudimentary, but in no Mammal are* they ever united 
together in front so as to form a merry-thought or “ furculum.” 
The regular number of fingers is five, but they vary from one to 
five 9 the middle finger being the longest and most persistent of 
all, and being the only finger left in the Horse. Properly each 
finger consists of three sl\prt bones or phalanges \ except the 
thumb, which has two ;■ but this rule is occasionally departed 
from. Whilst the fore-limbs are never wanting, the hind-limbs 
are sometimes absent, as in the Whales. Generally speaking, 
however, the posterior limbs are present y and the pelvic arch 
has much the same structure as in man. The foot — like the 
hand— consists regularly of five digits, but it is subject to the 
same abortion of parts, as we shall see hereafter. 

The great majority of Mammals possess teeth , but these are 
only present in the embryo of the whalebone Whales, and are 
altogether wanting in the scaly and great Ant-eaters. The 
teeth are also almost invariably implanted in distinct sockets in 
the jaw. Some Mammals have only a single set of teeth ; but 
in most cases the young Mammal possesses a set of what are 
called the milk- teeth or deciduous teeth, which is ultimately re- 
placed by a second set, constituting the permanent teeth. No 
Mammal has ever more than two sets of teeth. In man, and in 
many other Mammals, the teeth are divisible into four groups, 
which differ from one another in position, appearance, and 
function. These are termed respectively the incisors , canines ; 
preemolarsy and molars . It is impossible to describe fully 
which teeth come under each of these heads without entering 
into unnecessary details as to the structure of the jaws. It 
must be sufficient here to point out the general characters and 
position of these groups in a.good illustrative example, such as 
one of the higher Apes (fig. 138). The incisors (1) vary greatly 
in size <and number, but they are always placed in the front of 
the mouth, and are the teeth which are used in simply biting 
or dividing the food. The canine or eyetooth (c) is generally 
larger and more pointed than the other teeth. The canines are 
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sometimes wanting, or are sometimes present in one jaw and 
not in the other ; but there are never more than four altogether — 
that, is to say, one in each jaw on each side. The praemolars 
and molars {pm and m) are the so-called " bjick-teeth,” and they 



Fig. 138. — Teeth of the right side of the lower jaw of the Chimpanzee (after 
Owen), i Incisors ; c Canine tooth ; pm Praemolars ; m Molars. 


varya good deal in number and function, # being sometimes 
adapted for cutting the food, but more usually for chewing and 
grinding it down. 

All these kinds of teeth are not necessarily present, and the 
teeth constitute most important characters for separating the 
various orders of Mammals from one another. For this reason 
it is usual to express the number of the teeth in any particular 
animal by an arithmetical formula, called the dental formula. 
For example, the formula for the portion of the jaw of the 
Chimpanzee figured above (fig. 138) would be as follows : — 

12; c 1 ; pm 2 ; m 3. 

But this is only one half of the lower jaw, and the dental for- 
mula must include both sides, so that it would be : — 
i 2 — 2 ; c 1 — 1 ; pm 2 — 2 ; m 3 — 3. 

That this would be the formula is at once evident, when it is 
remembered that the two sides of the jaw of course contain 
exactly the same teeth. Still, the formula as given above only 
includes the lower jaw, and to render it perfect it must take in 
the teeth of the upper jaw as well. This is effected by placing 
the figures in two rows separated by short lines, all the figures in 
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the upper row referring to the upper jaw 9 and those in the lower 
row to the lower j^w ; the short dashes between the figures of 
each row still indicating the teeth on the two sides of the mouth. 
The complete formula would therefore run as follows : — 


. 2 — 2 I — I , 2 — 2 2 — 3 

i - — t ; c - — ! ; pm - — - ; m * — =* 


pm — - ; m * — * = 32. 

2 — 2 1 — 1 2—2 3 — 3 D 

In this way the dentition — that is to say, the number and ar- 
rangement of the teeth — can be presented in a manner which 
can be instantly recognised by the eye. It must be remem- 
bered, however, that the formula seldom exhibits the regularity 
of the one of the Chimpanzee given above. The teeth are not 
necessarily the same in botU jaws, and in many cases some may 
be altogether wanting. To show this there is subjoined the 
dental formula of a typical Ruminant animal, sucli as a sheep : — 


. o — o o — o . 3 — 3 3 — 3 

* ; c . p m ? — * ; m 0 

3—3 I— I r 3—3 


3—3 


32 . 


From this formula it will be seen that the sheep has 32 teeth in 
both jaws taken together. The upper incisors and canines are 
wanting, and there are three praemolars and three molars on 
each side of the upper jaw. In the lower jaw there are six in- 
cisors, two canine6, and the same number of praemolars and 
molars as in the upper jaw. 

As regards the digestive system of Mammals, the alimentary 
canal and digestive glands have on the whole the same general 
structure and arrangement as in man (p. 203*, 204). Some very 
remarkable modifications, however, in the structure of the 
stomach and in the termiqarion of the intestine occur in cer- 
tain Mammals; but these will be noticed in speaking of the 
.orders in which they occur. 

The cavity of the abdomen in Mammals is always separated 
from that of the thorax by a complete muscular partition — the 
diaphragm. The abdomen contains the greater part of the 
alimentary canal, the liver, pancreas, kidneys, and other organs. 
The thorax contains chiefly the heart and lungs. The heart is 
contained in a membranous sac — the pericardium, and con- 
sists of two auricles and two ventricles. The heart consists 
functionally of two sides, each having an auricle and a ven- 
tricle, which communicate with one another by apertures, so 
guarded by valves that the blood can pass from the auricle into 
the ventricle, but not, under ordinary circumstances, from the 
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ventricle to the auricle. There is in the adult no direct com- 
munication between the two sides of the heart. The course of 
the circulation is indicated in the subjoined, diagram, and is 
shortly as follows : The venous blood, which has become im- 
pure by passing through the tissues, is returned by the great 
veins to the right auricle, from which it passes into the right 
ventricle. Froip tiere it is driven through a great vessel, called 
the pulmonary artery, to the 
lungs, where it is submitted 
to the action of the air, and 
becomes arterial blood. It is 
then returned to the heart by 
a series of vessels called the 
pulmonary veins, and is poured 
into the left auricle, Trom 
which it passes into the left 
ventricle. From the left ven- 
tricle it is propelled to all parts 
of the body by a great systemic 
vessel, which is called the .aorta 

(fig- 139). 

The lungs of Mammals are 
two in number, and differ 
from those of birds in being 
freely suspended in membran- 
ous bags. They are spongy 
and cellular throughout, and * 



they never communicate by 
apertures on their surface 
with air-sacs placed in dif- 
ferent parts of the body. 

The nervous system of Mam- 
mals is chiefly remarkable for 
the great proportionate de- 
velopment of the brain, as 
compared with the spinal 
cord. 


Fig. .£99. — Diagram of the circulation 
in a Mammal. (The cavities contain* 
ing venous blood arc marked black, 
those containing arterial blood are 
left white.) a Right auricle ; v Right 
ventricle ; p Pulmonary artery car- 
rying venous blood to the lungs ; pv 
Pulmonary veins carrying arterial 
blood from the lungs ; a' Left auricle ; 
v* Left ventricle ; b Aorta carrying 
arterial blood to the body ; c Vena 
cava carrying venous blood to the 
heart. 


In the higher Mammals, also, the two halves (hemispheres) of 
the brain proper ( cerebrum ) are connected together by a great 
band or bridge of nervous tissue, constituting what is known 
as the corpus callosum. This structure is not a conspicuous 
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feature in the two lowest orders of the Mammalia. The senses, 
as a rule, attain giyat perfection in the Mammals ; and the only 
sense which can ever be said to be entirely wanting is tljat of 
sight. Eyes, however, are always present, though they may be 
rudimentary; and in those Mammals which are said to be 
••blind,” it is not generally that the eyes are wanting, but that 
the skin passes unbrokenly over the eyeball. «, Even in these 
cases, however, it is not impossible that there may be some per- 
ception of light through the skin. An external ear for collecting 
sounds is usually present ; but it is wanting in the Whales and 
Dolphins, and in some of the Seals. 

The skin is invariably furnished over a greater or less part of 
its surface with the epidermic appendages known as hairs , 
which differ from feathers chiefly in not splitting up as they 
are produced. In the scaly Ant-eater ( Manis ), the hairs are 
aggregated together so as to form horny scales ; and in the Hedge- 
hog, Porcupine, and other animals, many of the hairs are de- 
veloped into long spines or prickles. In other cases again, as in 
the Armadilloes, the skin is more or less covered by an armour 
of bony plates. The only apparent exception to the universal 
presence of hair on some part or other of the integument of all 
Mammals is constituted by the true Cetaceans (Whales and 
Dolphins), many of which are without hair when grown up. 
Some, however, such as the Whales, have a few bristles in the 
neighbourhood of the mouth, evetf 'When adult And the Dol- 
phins, which are totally hairless when grown up, exhibit tufts 
of hair upon the muzzle before they are bom. 

The young Mammal is always born in a helpless condition, 
and is nourished for a longer or shorter time by means of the 
milk of the mother. The milk is secreted by special organs, 
called the mammary glands, which are present in both sexes, 
but are normally undeveloped in the male. The number and 
position of the mammae vary a good deal in different cases,* but 
they are always placed on the lower surface of the body, and 
their ducts almost always open upon a special eminence, called 
the teat or nipple. In one or two cases, however, the mammary 
glands open by simple slits in the skin of the abdomen, and not 
by distinct nipples. In ordinary Mammals the milk is obtained 
by voluntary suction on the part of the young, but in the Mar- 
supials (Kangaroos, Opossums, &c.) the milk is forced into the 
mouth of the young animal by the action of a special muscle. 
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So much difference of opinion obtains*as to the best founda* 
tion upon which to establish a division of the Mammalia into 
great primary sections, that it has been thought advisable to 
leatl this subject wholly out of consideration. For our present 
purpose it is enough to adopt the old classification of Mammals 
into the two great divisions of the Placental and Non-placental 
forms. In the J l&cental Mammals the young is nourished with- 
in the body of the mother by means of a structure called the 
placenta, , through which the nutrient materials of the mother's 
blood reach the young. In consequence of this, the young of the 
Placental Mammals can be retained within the body for a con- 
siderable period, and when born, they are able to obtain their 
natural food — the milk — by their own exertions. In the Non- 
placental Mammals, on the other hand, the young are born at 
an extremely early period of their development, before there is 
any necessity that a placenta should be formed for the nourish- 
ment of the foetus. In these cases, therefore, the young when 
born are much more immature and helpless than in the case 
of the Placental Mammals. So helpless are they, that they are 
even unable to suck, and have in most cases to be fixed by 
the mother herself upon the teats, whilst the milk is forced into 
their mouths by a muscle which is spread o^er the mammary 
gland. Adopting these primary sections as practically sufficient 
in an elementary work, the whole class of the Mammalia may 
be divided into the following fourteen orders : — 

Division A. — Aplacental Mammals. 

Order I. — Monotrcmata . 

Order 2. — Marsupialia . 

Division B. — Placental Mammals. 

Order 3. — Edentata . 

Order 4 . — Siren uu 

Order 5. — Cetacea * 

Order 6. — Ungulata. 

Order 7 . —'Hyracoidea. 

Order 8. — Proboscidea. 

Order 9. — Carnivora . 

Order 10. — Rodentia. 

Order 11. — Cheiroptera . 

Order 12. — Insectivora . 

Order 13. — Quadrumana. 

Order 14. — Bimana . 
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CHAPTER XXXII. 

ORDERS OF MAMMALIA. 

Order I. Monotremata.— The first and lowest order of the 
Mammals— that of the Monotremata — comprises only two very 
remarkable animals, both of which are exclusively confuted to 
•New Holland. These are the Duck-mole (Ornithorhyncus) 
and the Porcupine Ant-eater (Echidna). The Monotremata 
are essentially characterised by the fact that, as in Birds, the 
termination of the intestine opens into a common chamber or 
cloaca , which receives also the ducts of the urinary and repro- 
ductive organs. The jaws are destitute of true teeth ; but the 
Ornithorhynckus m hsLS a kind of beak, like the bill of a duck, 
furnished with small horny plates, which act as teeth. The 
pectoral arch, which supports the fore-limbs, resembles that of 
Birds in several respects, but especially in the fact that the 
coracoid bones are distinct, and are not amalgamated with the 
shoulder-blade. There is no pouch developed on the abdomen 
of the females, but there are the so-called “marsupial bones.” 
These are two small bones which arise from the front of the 
pelvis. They are really to be regarded as formed by a conver- 
sion into bone of the tendons of one of the muscles of the 
abdomen. There are no external ears. The mammary glands 
have no nipples, and the young are said to be devoid of a 
placenta. 

The Duck-mole is one of the most extraordinary of Mam- 
mals, and is found inhabiting the rivers and lakes of Australia 
and Tasmania. The body resembles that of a small otter, and 
is covered with a short brown fur. The tail is broad and flat- 
tened, and the jaws are sheathed with horn, so as to form a 
flattened beak, very like the bill of a duck. The legs are short, 
furnished with five toes each, and webbed, so that the animal 
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swims with great facility. Their food consists chiefly of aquatic 



Fig. 14a — Monotrem&ta. Duck-molc {Ornithorhynchus paradoxus)— 
• after Waterhouse. 


insects and molluscs, and they make very extensive burrows in 
the banks of streams. # 

The other member of the Monotremata is the Porcupine 
Ant-eater or Echidna f which is not unlike a large hedgehog in 
appearance. The snout is very long, and is enclosed in a con- 
tinuous skin till close upon its extremity, where there is a small 
aperture for the protrusion of a long and flexible tongue. There 
are no teeth, or any organs to act as teeth. T^ie feet have five 
toes each, and are furnished with strong digging claws, but 
the toes are not webbed. The skin is covered with strong 
prickly spines interspersed with bristly hair. The Echidna 
measures from fifteen to eighteen inches in length, and is a noc- 
turnal animal. It lives in burrows, and feeds upon insects, 
which it captures by protruding its long sticky tongue. 

Order II. Marsupialia. — The name of Marsupials is de- 
rived from the fact that the females of this order are mostly 
furnished with an abdominal pouch or tnarsupium, within 
which the nipples are situated. When born, the young are 
placed by the mother within this pouch, where they adhere to 
the teats, and can be carried about without injury. Even when 
further advanced in their development, the young often betake 
themselves to the shelter of the marsupium. The so-called 
“ marsupial bones ” are present, and as they spring from the 
front of the pelvis they no doubt serve to support the pouch ; 
but this cannot be their sole use, as they exist in the males, and 
also in the Monotremes, in whom there Is no pouch. All Mar- 
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supiafs possess teeth, and the pectoral arch has now the same 
form as in the higher Mammals, the coracoid bones being now 
amalgamated with* the shoulder-blade. The intestine does not 
terminate in a cloacae 

Though the MUrsupialia form an extremely natural order, 
sharply separated from the other Mammals, they include a large 
number pf varied forms. In fact, this order, from its being the 
almost exclusive possessor of a continent so large as Australia, 
has to discharge, in the general economy of nature, functions 
which are elsewhere performed by several orders. As regards 
their geographical distribution, with the single exception of the 



miter Waterhouse. 

genus Didelphys (the true Opossums), the whole order of the 
Marsupials is exclusively confined to Australia, Van Diemen’s 
Land, New Guinea, and the adjacent islands. 

The Marsupials may be primarily divided into the vegetable- 
eating and rapacious or carnivorous forms — the former charac- 
terised by the absence or rudimentary condition of the canine 
teeth, the molars having broad, grinding crowns ; whilst in the 
latter there are well-developed canines, and the molars are not 
adapted for grinding. Of the vegetable-eating forms, the best 
known are the Kangaroos ( Macropodida ), distinguished by the 
remarkable disproportion between the hind and fore limbs, the 
former being by far the longest and strongest By their long 
hind-legs, assisted by a powerful tail, the Kangaroos can per- 
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form astonishing Jumps, and, in fact? lesyflng is their mode of 
progression when pursued. In this section there are also the 
Wombats, the Kangaroo-bears, and the Phalangers — the Aus- 
tralia 41 Opossum ” being a familiar example of the last. Of 
the carnivorous Marsupials, the best known a(e the Bandicoots, 
the Native Devil (Dasyurus), the Native Tiger ( Thylacinus ), and 
the banded Ant-e^ter ( Myrnucobius, fig. 141) — all belonging to 
Australia and Van Diemen's Land ; together with the American 
Marsupials or true Opossums. 

Order III. Edentata or Bruta. — This order of Placental 
Mammals comprises the Ant-eaters, Armadilloes, and Sloths, 
and is characterised by the fact that*the teeth are not covered 
with enamel, have no complete roots, and are never replaced by 
a second set. Further, in none of the Edentates are there any 
central incisor teeth, and in all but one there are no incisors at 
all. In two genera only are there no teeth ; so that the name* 
Edentata is not a very appropriate one. In all, the toes are fur- 
nished with long and powerful claws. 

The Edentata admit of division into two sections, according 
as they live upon a vegetable diet and live in. trees, or are 
carnivorous and live upon or below the ground. In the first 
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of this continent. Tfi^y are in every way adapted for an arbo- 
real life, and are “destined to be produced, to live, and to die 
on trees.” They* are extremely awkward when upon the 
ground ; but the feet are furnished with extremely long curved 
claws, so that the animal is enabled to move about freely, sus- 
pended back downwards from the branches of the trees. The 
Armadilloes ( Dasypodidce ) are also exclusively,confined to South 
America ; but they are carnivorous, burrowing* animals, and are 
furnished with strong digging-claws. The upper surface of the 
body is covered with a kind of armour, formed of hard bony 
plates or shields, which are united at their edges. Most of them 
can roll themselves up into a ball, and they can all bury them- 
selves in the ground when 'pursued. 

The remaining South American Edentates are the hairy 
Ant-eaters, of which the best known is the great Ant-eater 
( Myrmecophaga jubatd ). The body in this family is covered 
with hair, the tail is long, and the teeth are altogether wanting. 
They feed chiefly upon ants and termites, which they catch by 
protruding their long and sticky tongues, having previously 
broken into the nests by means of their strong c^red claws. 

The Edentata are represented in the Old Worl<T by only two 
genera. One of these is the genus Afants, comprising the scaly 
Ant-eaters or Pangolins, which are exclusively confined to Asia 
and Africa. In these singular animals the body and tail are 
covered by a flexible armour, composed of horny plates or scales 
overlapping like the titat of a roof. The other genus is Oryc - 
teropus, comprising on^the so-called Ground Hog of South 
Africa; which also lives upon insects, and burrows by means 
of its strong digging-claws. 

As regards the geographical distribution of the Edentata, it 
is to be remembered that the order has a very limited range, at 
the present day. The true Ant-eaters, the Armadilloes, and the 
Sloths, are exclusively confined to South America, in w^ich 
country a group of gigantic extinct Edentates existed in the 
later portion of the Tertiary epoch. The scaly Ant-eater is 
common to Asia and Africa ; and the Ground Hog is confined 
to South Africa. 

ORDfeR IV. SireNia. — This order comprises only certain large 
marine Mammals, known as Dugongs and Manatees, which 
were long classed with the Whales and Dolphins (Cetacea). 
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They agree with the Whales in the adaptation of the body to 
an aquatic life, especially in the facts that the anterior limbs are 
converted into swimming-paddles, the hintl-limbs are wholly 
waftfing, and the hinder end of the body forms a powerful 
caudal fin, which is placed so as to strike the^vater horizontally 
and not vertically, as in Fishes. They differ from the Cetacea 
in having the n^trils placed at the anterior part of the head, 
and in having molar teeth with flat crowns, adapted for a 
vegetable diet. Fleshy lips are present, the upper one usually 
with a mustache, and the skin is covered with scanty bristles. 
The head is not disproportionately large as compared with the 
body, and there is a tolerably distinct neck. They are vegetable 
eaters, feeding chiefly tipon seaweeds, and haunting the mouths 
of rivers and estuaries. 

The only existing Sirenia are the Manatee (Afanafus) and the 
Dugong (Ifaltcore), often called “ Sea-cows.” The Manatees 
are found on the east coast of America and on the west coast 



Fig. 143. — Sirenia. The Dugong ( llaitcor sr Indicut), 


of Africa. They are large, awkward animals, attaining a length 
of from eight to ten or fifteen feet, and their flesh is said to be 
very palatable and wholesome. The Dugongs differ little in 
appearance and habits froip the Manatees. They are found on 
the masts of the Indian Ocean and the north coast of Australia, 
and are often killed and eaten. They attain a length of from 
eighteen to twenty feet. The bones of the skeleton are remark- 
able for their extreme hardness and density. 

Besides these living forms, the Sirenia were represented by a 
gigantic species which formerly inhabited Behring Island on 
the coast of Kamtchatka. This animal was described by a M. 
Steller who accompanied Behring on his second expedition, 
and he named it Rhytina, This enormous animal attained a 
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length pf twepty-five feet, and a circumference of twenty feet, 
and it appears to have been completely exterminated, no speci- 
men having been seen for two centuries. 

Order V. CetAcea. — This order comprises the W hal es, 
Dolphins, and Porpoises, and it is characterised by the complete 
adaptation of its members to a watery life. The body is com- 
pletely fish-like in form, the fore-limbs are Converted into 
swimming-paddles, and the hind-limbs are completely wanting ; 
whilst the hinder end of the body forms an extremely powerful, 
horizontal caudal fin. Sometimes there is a dorsal fin as well. 
The nostrils may be single or double, but always are placed on 
the top of the head, constit Jting the " blpw-hole." The body is 
very sparingly furnished with hairs, or is wholly without them 
in the adult. The head is generally of disproportionately large 
size as compared with the body, and is rarely separable from the 
trunk by any distinct constriction or neck. There is no sacrum, 
and the pelvis is only represented in a rudimentary form. 
Lastly, the adult is either wholly destitute of teeth, or possesses 
only a single set, which are always conical in $hape, and are 
never divisible into distinct groups. All the true Cetacea are car- 
nivorous, living upon animal food. 



V«g. *44- — Cetacea. The Common Dolphin (Dttyhinui dclphU). 


Chief amongst the Cetaceans in importance and zoological 
interest are the Whale-bone Whales (. Balattida), in which the 
adult is destitute of teeth, though the- young whale possesses 
teeth which never cut the gum. The place of teeth is taken by 
a series of transverse plates of whale-bone or baleen, which are 
used as a kind of screening apparatus or filter to separate 
from the sea-water the minute Molluscs and Jelly-fishes upon 
which these enormous animals live. The most important 
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member of this family, from a commercfal point of view, is the 
Greenland Whale {Balana mysticetus\ whjch yields most of 
the whale-oil and whale-bone of commerce. The Greenland 
Wfiale attains a length of from forty to sixty feet, and of this 
enormous length about a third is taken up by the head alone* 
The oil is derived from a thick layer of fat or " blubber,” which 
is situated und^r the skin, and serves to protect them from cold* 
Though an inhabitant of the sea, the whale is obliged to come 
to the surface to breathe, and in so doing it ejects from the 
blow-holes what looks like a column of water, the whole opera- 
tion being known to the whalers as “ blowing.” The true nature 
of this act is still somewhat questionable, but it appears certain 
that the apparent jet of water is in reality, mainly if not entirely, 
due to the condensation of the moisture which is contained in 
the air expelled from the lungs. The old view was that “ blow- 
ing” consisted in the whale ejecting through the nose the water 
which had previously been filtered through the baleen-plates of 
the mouth ; but it appears to be quite certain that this view, at 
any rate, is not the correct one. The Rorquals or Finner 
Whales resemble the Greenland Whale in most respects, but 
the skin is furrowed with deep plaits or folds, and there is a 
dorsal fin, placed on the back. Some of thesefattain a gigantic 
size (eighty feet or more), but they are seldom captured, as 
their commercial value is small. 

The Toothed Whales ( Odontoeeti ) are best known by the 
Sperm Whale, an animal as large or larger than the Greenland 
Whale, but distinguished by having numerous conical teeth, 
a single blow-hole, and a curiously truncated head. They yield 
an excellent oil, and the singular fatty substance which is known 
as M spermaceti.’* They also yield the substance called “ amber- 
gris,” which is used as a perfume ; but this is probably a pro- 
duct of disease. 

The last family of the Cetacea is that of the Delpkinidce , com- 
prising the Dolphins (fig. 144) and Porpoises. They have nume- 
rous conical teeth in both jaws, and the nostrils open by a single 
aperture on the top of the head. The Dolphins are inhabitants 
of the sea, but two species live in rivers, — one in India, and the 
other in America. The Porpoises are also marine, and*occur 
in all seas. The most remarkable of the Delpkinidce is the 
Narwhal or Sea-Unicorn, which is found ip the Arctic seas, and 
which attains a length of as much as fifteen feet in the body 
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alone. The chief peculiarity of the Narwhal is in the dentition. 
The females, as a«rule, have no teeth, the upper jaw alone 
having two rudimentary incisors which never cut the gum. In 
the males, however, whilst the lower jaw is without teeth) one 
of the two central incisors of the upper jaw is enormously 
developed, and grows throughout the life of the animal. It 
forms a tusk of from eight to ten feet in lengfh, the whole sur- 
face of which is spirally twisted. The function of this extra- 
ordinary tooth is doubtless offensive. 

Order VI. Ungulata. — This order is often spoken ot as 
that of the Hoofed Quadrupeds, and is one of the largest and 
most important of the orders of Mammalia. The order is 
characterised by having all the four limbs and by having that 
portion of the toe which touches the ground encased in a greatly 
expanded nail or hoof. There are never more than four full- 
sized toes to each leg, and owing to the presence of .hoofs the 
limbs are useless for grasping, and are only of use in locomo- 
tion and in supporting the weight of the body. There are 
always two sets of teeth, and the molars have broad crowns 
adapted for grinding vegetable substances. 

The Ungulata*are divided into r two great primary sections, 
according as the toes are even or odd in number : — <■ 

A. ' Perissodacty la % or Odd-toed Ungulates , in which the toes 
are odd in number — either one or three.* If horns are 
present , they are not in pairs. 

B. Artiodactyla % or Even-toed Ungulates , in which the toes 
are even in number — either two or fours and Jf horns are 
present \ they are in pairs. 

The living Perissodactyle Ungulates are the Rhinoceros, the 
Tapirs, and the Horse and its allies. The Rhinoceroses are ex- 
tremely large and bulky brutes, having a very thick and nearly 
hairless skin, usually thrown into deep folds. The feet(fig. 14*5, D) 
are furnished with three toes each, all encased in hoofs. The 
nose is furnished with one or two horns, composed of longitud- 
inal fibres compacted together, and not having any central core 
of bone. When there is only one horn, it is, of course, unsym- 
metrichl ; and when there are two, these are not paired, but 
one is always placed behind the other in the middle line of the 
head, and the hinder* one is much the shortest. The various 

* The fore-feel of the Tapirs are even-toed, but the hind-feet are perissodactyle. 
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species of Rhinoceros are found in India, Java, Sumatra, and 
Africa, inhabiting marshy places and feeding chiefly on the 
foliage of trees. The Tapirs have four toes to each of the fore- 



Uarna ; C, Artiodactyle fool of Antelope ; D, Perissodactyle foot of Rhinoceros. 

legs, but only three toes on the hind-legs, so that they are pro- 
perly odd-toed. The nose forms a short movable proboscis, 
usecWn stripping off the leaves of trees. They are large clumsy 
animals, which inhabit South America, Sumatra, and Malacca. 
The third and last family of the Perissodactyla is that of the 
Eguida?, comprising the Horse, Ass, Zebra, and Quagga. In 
this family the toes are reduced to one to each foot, enclosed in t 
a single broad hoof, without any supplementary hoofs. There 
is a continuous series of incisor teeth in both jaws, and in the 
males canines are present. The dental formula is — 

i 3n3 ; c (or none) ; pm ; m « 40 
• 3 — 3 1 — 1 3 — 3 3 — 3 

The family Eguidee is exclusively confined to the Old World, 
as far as its origin is concerned, but the horse has become na- 
turalised in most countries into which it has been introduced. 
The Horse and Ass were probably originally natives of Ctfhtral 
Asia. 

The Artiodactyles or Even-toed Ungulates are divided into 
two groups,— % 

1. Omnivora, as the Pig and Hippopotamus. 
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2. Ruminantia, which chew the cud, such as Oxen, Deer, 
Camels, &c. 

Of the Omnivorous forms the Hippopotamus is characterised 
by its massive heavy body, short blunt muzzle, and feet with 
four hoofed toes &ch. The Hippopotamus is found in the 
rivers of Abyssinia, and throughout the whole of Africa to the 
south of this. It reaches a length of from elevfcq to twelve feet, 
is nocturnal in its habits, and swims and dives with great facility. 
The Pigs, Peccaries, and Wart-hogs constitute the family Suida, 
and have usually four toes to each foot, though sometimes the 
hind-feet have only three toes. All the toes are hoofed, but it 
is only two which support the weight of the body, the remain- 
ing toe or toes being placed *at some elevation on the back of 
the foot. The snout is truncated and cylindrical, and is capable 
of extensive movement. The tail is very short, or is represented 
only by a tubercle. 

The Rnminaniia form a most natural group of the Ungu/ata , , 
characterised by the structure of the foot, the dentition, and the 
structure of the stomach. 

The foot is " cloven,” consisting of a symmetrical pair of toes, 
encased in hoofs, and looking as if produced by the cleavage of 
a single hoof. Immost cases there are also two 'Ismail supple- 
mentary hoofed toes placed on the back of the foot. 

As regards the dentition, the typical state of things is that 
there should be no incisor or canine teeth in the upper jaw, 
but that the lower jaw should have six incisors and two canines, 
which are all similar in size and form, and constitute a contin- 
uous and uninterrupted series of eight teeth placed in the front 
of the lower jaw. There are six molar teeth on each side of 
each jaw, and these have grinding surfaces. The typical dental 
formula, therefore, for a Ruminant is 




pm and m 


6—6 

6—6 


32 


In the absence of incisor teeth in the upper jaw, the lower in- 
cisors bite against a callous pad of hardened ^um. The Camel 
tribe* differs in its dentition from the above typical formula, and 
certain exceptions likewise occur in the males of some other 
forms, and in one or two other less important instances. 

The stomach in the # Ruminants is complex, and is divided 
into several compartments, this being in accordance with their 
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mode of eating. They all, namely, " raminate ” or ** cf»ew the 
cod ; '* that is to say, they first swallow their food unmasticated, 
and then bring it up again after a longer or shorter period in 
orcler to chew it. This is effected as follows (fig. 146) : — The 
gullet opens at a point between the first tWb compartments or 
stomachs, of which the largest lies to the left and is called the 
" paunch;” whjj^t the smaller right cavity is called the “ honey- 
comb bag ” ( reticulum ). The paunch (rumen) is the cavity into 



Fig. 146. — Stomach of a Sheep, o Gullet ; r Rumen oP Paunch ; h Honeycomb 
lag or Reticulum, p Manyplies or Psalterium. a Abomasum or Fourth 
Stomach. 

which the food is first received, and here it is moistened and 
allowed to soak for some time. After the food has lain suffi- 
ciently long in the paunch, it passes into the ” honeycomb bag,” 
where it is made up into little balls or pellets, which are then 
returned to the mouth by a reversed action of the muscles of 
the gullet. After having been thoroughly chewed, and prepared 
for digestion, the food is now swallowed a second time. On 
this occasion, however, instead of passing into the paunch, the 
masticated food is conveyed into the third stomach. This is 
known as the u many-plies ” or “psalterium? because its lining 
membrane is thrown into a number of longitudinal folds, like 
the leaves of a book. The psalterium opens by a wide aperture 
into the fourth and last stomach, known as the “ abomasum? 
This is a cavity of considerable size, which secretes* the true 
digestive fluid (gastric juice), and it is here that the food is 
really digested. The abomasum terminates, of course^ in the 
commencement of the small intestine. 


295 


VERTEBRATE ANIMALS. 


xThe % Ruminantia inckide a number of families of which it is 
only possible to notice the leading characters of the more im- 
portant ones — namely the Camelidce> Cervidce , Giraffes , and 
Cavicornia . 1 ’* 

The family Catn&ida comprises the Camel and Dromedary 
of the Old World and the Llamas of the New, and is character- 
ised by having no horns, by having two incisbrs in the upper 
jaw, and a pair of canines in both jaws ; whilst the foot con- 
sists of only two toes, covered with imperfect nail-like hoofs, 
and destitute of the two supplementary toes. The soles of the 
feet are covered with a callous horny integument upon which 
the animal walks. 

The family Cervidce includes the true Peer, and is character- 
ised by the fact that the forehead carries two solid bony antlers, 
which are not hollow, and are usually much branched. With 
the single exception of the Rein-deer, these appendages are ex- 
clusively confined to the males, and they are deciduous j that is 
to say, they are only produced at certain seasons (annually, at 
the breeding season), and when they have fulfilled their purpose, 
they are shed. They increase in size and in the number 01 
branches every time they are reproduced, till in the old males 
they may attain an/mormous size. 

Of the Giraffes or Camelopardalidce there is only a single Hying 
species, exclusively confined to the African continent. Both 
sexes have two pairs of short horns, carried on the forehead ; but 
these are persistent, and are covered with a hairy skin. The 
neck is extremely long, and the fore-legs much longer than the 
hind-legs. It is the largest of living Ruminants, and measures 
as much as from fifteen to eighteen feet in height. 

The Cavicornia or Hollow-horned Ruminants comprise the 
Oxen, Sheep, Goats, and Antelopes, and are characterised by 
having horns, which may be present in one or both sexes, and 
consist of a horny sheath surrounding a central bony axis, or 
11 horn-core.” The horns are persistent, and are not periodically 
shed, and there is usually only a single pair, though sometimes 
there are two pairs. In their dentition, and in other respects, 
the Cavicornia are to be regarded as being the most typical 
examples^ of the Ruminantia , and they include a number of 
animals which are of the highest utility to man. 

Order VII. HYRACOfoEA. — This order includes only a single 
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small genus ( ffyrax), of which only two or three species are 
known. They are all gregarious little animals living in holes 
of the rocks, and capable of domestication. One species {Hyrax 
Cttfiensis) occurs commonly in South Africa, and is known to 
the Dutch colonists as the “ Badger.” Another species {Hyrax 
Syriacas) occurs in the rocky parts of Arabia and Palestine, and 
is believed to Jje*the 44 coney " of Scripture. They present many 
curious points of resemblance to the gigantic Rhinoceros, and 
are often placed in the same order, the similarity being especi- 
ally great as regards the form of the molar teeth. The incisor 
teeth of the upper jaw are long and curved, with sharp cutting 
edges, and they grow from a permanent pulp, thus resembling 
the teeth of the geryuine Rodents (such as the Rabbit or 
Beaver). 



Fig. 147.—- Skull of the Indian Elephant (E/g/Aat I nd tens'). i Tusk-like upper in- 
cisors : m Lower jaw, with grinding molars, but without incisors ; s Nostrils, 
placed at the extremity of the proboscis. 


Order VIII. Proboscidea. — T his order is only represented 
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at the present day by the Elephant, of which there are only two 
species living. On£ of these is the African Elephant, which is 
distinguished by its convex forehead and great flapping ears : 
the other is the Indian Elephant, which has a concave forehead 
and small ears, 'f'he Proboscidea are characterised by having 
the nose prolonged into a cylindrical trunk or proboscis, at the 
extremity of which the nostrils are placed (fife 147, n). The 
trunk is extremely flexible and highly sensitive, and terminates 
in a finger-like prehensile lobe. There are no canine teeth; 
the molars are few in number, large, and transversely ridged, 
or furnished with tubercles. In the living forms there are no 
lower incisors, but the upper incisors are two in number, grow 
from a permanent pulp, and constitute enormous tusks (fig. 147, 
/). In some of the extinct forms there are two tusk-like lower 
incisors, and sometimes both the lower and upper incisors a/e 
developed into tusks. The feet are furnished with five toes 
each, but these are only indicated externally by the divisions 
of the hoof. The animal walks upon thick pads of integument, 
which constitute the soles of the feet 

Though there are now but two living species of Elephant, 
there is no doubt but that some of the fossil forms have died 
out since the appearance of man upon the globe. Of these, the 
best known is the Mammoth, frozen carcases of which have.been 
found in the icy wilds of Siberia. 

Order IX. Carnivora. — The ninth order of Mammals is 
that of the Carnivora or Beasts of Prey, comprising the Lions, 
Tigers, Wolves, Dogs, Cats, Hyaenas, Seals, Walruses, &c. The 
Carnivora are distinguished by possessing two sets of teeth, 
which are simply enamelled, and are always of three kinds, 
incisors, canines, and molars, differing from one another in size 
and shape. The incisor teeth are generally six in each jaw ; 
the canines are always two in each jaw, and are much longer 
and larger than the other teeth. The molars are mostly cutting 
teeth, furnished with sharp uneven edges, but one or more of 
the hinder teeth have tuberculate crowns. The molars, too, 
graduate from a cutting to a tuberculate form as the diet is 
strictly carnivorous or becomes more or less miscellaneous. 

The dental formula differs considerably in different members 
of the order, but subjoined is the dental formula of the Cats 
{Ftiukt) % which are the most typical examples of the Carnivora — 
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f^sides the strictly flesh-eating dentition of the Carnivora , 
the order is distinguished by always having the feet provided 



Fig. 148.— Skull of the Jackal (Cattis aureus). 


with strong, curved claws, and the collar-bones ( clavicles ) are 
either quite rudimentary, or are altogether absent. The Car- 
nivora are divided into the following three sections, founded 
upon the nature of the limbs : — 


1. Pinn/grada (fig. 149, B), in which both»the fore and hind 
legs«are short, and the feet form broad, webbed, swimming- 
paddles. The hind-feet are placed very far back, nearly in a 
line with the axis of the body, and they form with the hinder 
end of the body a powerful caudal fin. In this section are the 
Seals and Walruses. 

2. Plantigrada (fig. 149, A), comprising the Bears, in which 
the whole, or nearly the whole, of the foot is applied to the 
ground, so that the animal walks upon the soles of the feet. 

3. Digitigrada (fig. 149, C), comprising the Cats, Lions, Tigers, 
Dogs, &c., in which the heel is raised from the ground, and the 
anfmal walks upon tip-toe. 

The Seals and Walruses, forming the family Pinnigrada, are 
distinguished from the other Carnivora by their adaptation to 
an aquatic mode of life. In this respect they agree wirti the 
thoroughly aquatic Whales and Dolphins, but they differ from 
both the Cetacea and the Sirenia, not only in their dentition, 
but also in always having well-developed hind-limbs. The 
Seals are characterised by having incisor teeth in both jaws, at 
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the saihe time that the«canine teeth are not immoderately de- 
veloped. They form a very numerous family, of which species 
are found in most seas out of the limits of the tropics. They 
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Fig. 149. — Feet of Carnivora (after Owen). A, Flantigrada ; Foot of Bear. 
B t Pinni&rada : Hi ml -feet of Seal. C t Digit i greuia ; Fontiof Lion. 



abound, however, especially in the seas of the Arctic and An- 
tarctic regions. They are largely captured both for their oil and 
for their fur. The Walrus or Morse (7 'ricJtecus) is distinguished 
from the true Seals by the fact that in the adult only two of the 
upper incisors are present ; whilst the upper canines are enor- 
mously developed, and form two pointed tusks — fifteen inches 
or more in length — which are directed downwards between the 
small lower canines, and project considerably below the chin. 
The Walrus is a large heavy animal, from ten to fifteen feet in 
length, which is found in flocks in the Arctic seas, and is hunted 
both for its blubber and for the ivory of the tusks. 

The Plantigrade Carnivora apply the whole or the greater 
part of the sole of the foot to the ground in walking ; and this 
portion of the foot is nearly or altogether destitute of hairs, 
except in the White Bear. The most typical members of the 
Planiigrada are the Bears ( Ursida\ of which the common 
Brown Bear and the White or Polar Bear are familiar examples. 
The Bears are much less purely carnivorous than the majority 
of the order, and, in accordance with their omnivorous habits, 
the teeth do not exhibit ‘the typical carnivorous characters. The 
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incisors and canines have their usual carnivorous form.’but the 
praemolars and molars are furnished with broad tubercular 
crowns. The claws are large, curved, anO strong, but are not 
rellftictile. The tongue is smooth, the ears small and erect, the 
tail short, the nose mobile, and the pupib circular. Most ot 
the Bears are only carnivorous, in so far that they eat flesh when 
they can get ^ • but a great part of their food consists of roots, 
acorns, honey, and even insects. 

Forming a kind of transition between the Plantigrada and 
the Digit igrada is a group of Carnivora which comprises 
numerous forms, such as the Weasels, Otters, and Civets, which 
apply part, but not the Whole, of the sole of the foot to the 
ground. % 

The typical group of the Carnivora is that of the Digit igrada , 
comprising the three tribes of the Dogs (Canidcr) % the Hyaenas 
( l/ycenidcr ), and the Cats (Fe/idcr). The family Can idee com- 
prises the true Dogs, the Wolves, the Foxes, and the Jackals, 
all characterised by their pointed muzzles, smooth tongues, and 
non-retractile claws, and by the fact that the fore-feet have five 
toes, whilst the hind-feet have only four. In the Hyccnida \ 
comprising the Hya-nas, there are only four toes to all the feet, 
the muzzle is rounded, the tongue is roughs and the hind-legs 
are ^horter than the fore-legs. The Hyaenas are ill-conditioned, 
ferocious animals, which occur in Africa, Asia Minor, Arabia, 
and Persia. 

The most highly carnivorous, and therefore the most typical, 
group of the Carnivora is that of the Cats or Felida , compris- 
ing the Lions, Tigers, Leopards, Panthers, Cats, and others. 
In all these the animal walks lightly upon the tips of the toes, 
and the soles of the feet are hairy. The jaws are short, and 
owing to this and to the great size of the muscles which move 
the lower jaw, the head assumes a rounded form, with a short 
rmizzle. The molars and praemolars are fewer in number than 
in any other of the Carnivora — hence the shortness of the jaws; 
and they are all furnished with cutting edges, except the last 
molar in the upper jaw, which is tuberculate. The legs are 
nearly of equal length, and the hind-feet have only foqf toes, 
whilst the fore-feet have five toes each. All the toes are fur- 
nished with strong curved retractile claws, which, when not 
in use, are withdrawn within sheaths by the action of elastic 
ligaments. The tongue is armed with 4iomy eminences, which 
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render ft rough and prigkly, and adapt it for the office of licking 
flesh from the bones of the prey. They are all extremely light 
upon their feet, and excessively muscular; and all have the 
habit of seizing their prey by suddenly springing upon it 1 5n 
this section are the /-ion {Felts led), the Tiger {Felts Tigris), the 
Jaguar {Felis oncd), the Puma (Felt's concolor ), the Leopard 
( Felis leopardus), the Lynxes, and the true Cats. 

Order X. Rodentia.— In this order are a number of small 
animals, characterised by the absence of canine teeth, and the 
possession of two long curved incisor teeth in both jaws, which 
are separated by a wide interval from the molars (fig. 150). 



Fig. 150.— A. Skull of the Beaver (after Owen' ; B, Diagram of one of the incisor 
teeth of a Rodent, .showing the chisel-shaped point, a, Enamel : d t Soft tooth* 
substance (dentine). 

There are seldom more than two incisors in the upper jaw 
(sometimes four), but there are never more than two in the 
lower jaw. The molar teeth are few in number (rarely more 
than four on each side of each jaw). The feet are usually fur- 
nished with five toes each. 

The most characteristic point about the Rodents is to be 
found in the structure of the incisor teeth, which are adapted 
for continuous gnawing. They grow from persistent pulps, 
and consequently continue growing as long as the animal lives. 
They jtre large, long, and curved, and are covered in front with 
a layer of hard enamel, so that the softer parts of the tooth are 
placed behind (fig. 150, B.) The result of this is, that as the 
tooth is used in gnawing, the softer parts behind wear away 
more rapidly than the h&rd enamel in front, and thus the crown 
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of the tooth acquires byVise a chisel sh4pe, bevelled away be* 
hind, and the enamel forms a persistent cutting edge. The Ro- 
dents are almost all of small size, and arewery prolific. They 
subsist principally, if not entirely, on vegetable matters, espe- 
cially the harder parts of plants, such as Jhe bark and roots. 
Many possess the power of building very elaborate nests, and 
most of them hy$>emate (*>., remain torpid throughout the win- 
ter). They ar^very generally distributed over the whole world. 

The Order Rodentia comprises a large number of families, of 
which the names only can be mentioned. The most important 
are the Hares and Rabbits (Lrporidar), the Capybaras and 
Guinea-pigs ( Cavuia\ the Porcupines (f/ys/ridda), the Beavers 
( Castorida the Rats and Mice ( *\furidcp ), the Jerboas ( Dipo - 
didce ), the Dormice \Myoxida>) t and the Squirrels, Flying 
Squirrels, and Marmots (Sciurida). 


Order XI. Cheiroptera. — This order is undoubtedly one 



Fig. *5* . — Skeleton of a Bat (Ptrra/tu). After Owen. ’ 0 


of the most natural and distinctly circumscribed orders in the 
whole class of the Mammalia, comprising only the Bats. In 
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many respects, however, it'might be \fcll to regard the order as 
merely a modified branch of the Insect ivora, just as the Pinni- 
grada are regarded* as a modified offshoot of the Carnivora . 
The Cheiroptera or Bats are essentially characterised by 'the 
fact that the fore-limbs are much longer than the hind-limbs v 
and have several of the fingers enormously elongated. These 
enormously lengthened digits are united by an expanded leathery 
membrane or “ patagium," which not only strfctches between 
the fingers, but is also extended between the fore and hind 
limbs, and is attached to the sides of the body (fig. 151). The 
patagium thus formed often includes the tail, and is nearly or 
quite naked or destitute of hairs on both sides. It is used as 
an organ of true flight, and, in accordance with this, there are 
well-developed collar-bones (clavicles), hnd the breast-bone is 
furnished with a ridge for the attachment of the pectoral mus- 
cles. Of the fingers of the hand at least three are destitute of 
nails. The mammary glands are placed upon the chest. Teeth 
of three kinds are always present, and the canines are always 
well developed. * 

The Bats are all twilight-loving or nocturnal animals, and 
they are the only Mammals which possess the power of true 
flight, though several others can make extended leaps from tree 
to tree. The eyes are small, but the ears are very large, and 
their sense of touch is most acute. During the day they retire 
to caves or crevices in rocks, where they suspend themselves by 
the short thumbs, which are provided with claws. In their 
flight, though they can turn with great ease, they are by no 
means as rapid and active as the true Birds. The tail is some- 
times very short, sometimes moderately long, and is usually in- 
cluded in a continuation of the " patagium,” which extends be- 
tween the hind-legs. The body is covered with hair, but the 
patagium is usually nearly or quite hairless.' Most of the Bats 
hybernatc. 

The Cheiroptera are conveniently divided into the two sec- 
tions of the Insectivorous and Frugivorous Bats. In the first 
section are all our British species, which universally live upon 
insec^. In the second, or fruit-eating, section of the Cheirop- 
tera are only the Fox-bats (. Pteropidce ), which are especially 
characteristic of the Pacific Archipelago, inhabiting Australia, 
Java, Sumatra, Borneo, &c., but occurring also in Asia and 
Africa. They are amongst the largest of the Bats, one species 
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— the Pteropus edulis or Kalong — attaining a length of from 
four to five feet from the tip of one wing toothe tip of the other. 

tfltDER XII. Insectivora. — The twelfth order of Mammals 
is that of the Insectivora, which comprises a number of small 
animals, very similar in many respects to the Rodents, but 
wanting the peculiar incisors of that order, and also being pro- 
vided with clavicles. All the three 
kinds of teeth are present, but the 
dentition is very various, and the 
only common character is that the 
crowns of the molar teeth are 
furnished with small pomted emin- 
ences or cusps, adapted for crush- 
ing insects. All the toes have 
claws, there are usually five toes 
to each foot, and most of the ///- 
sec th/ora are plantigrade , that is 
to say, walk upon the soles of the feet. They are all small, 
and they exist over the whole world, except in Australia and 
South America, where their place is taken by Marsupials, such 
as the Opossums. # 

Th<* Insectivora are divided into the three families of the 
Moles ( Talpida ), the Shrews ( Soricida •), and the Hedgehogs 
( Erinaceida •). The Moles are distinguished by having the body 
covered with hair, the feet short and formed for digging, and 
the toes furnished with strong curved claws. There is no ex- 
ternal ear, and the eyes are either extremely small, or are com- 
pletely concealed beneath the skin. They are all nocturnal 
burrowing animals. The Shrews are very like the true Mice in 
external appearance, but they are really widely different. The 
body is covered with hair, the feet are not adapted for digging, 
and there are mostly external ears, whilst the eyes are well de- 
veloped. No division of the Insectivora is more abundant or 
more widely distributed than the Soricida ; and one of the 
Shrews is probably the smallest of existing Mammals, not ^ex- 
ceeding two and a half inches in length, counting in the tail. 
The third family includes only the well-known Hedgfehogs, 
which have the power of rolling themselves into a ball at the ap- 
proach of danger, and which have the upppr surface of the body 
covered with short prickly spines, forming a protective armour. 

x * * 



Fig. 15a.— Insectivora. Skull of 
the Common Hedgehog (AV/rm- 
ceus Europtrus). 
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Before passing on to the next order, a few words must be said 
about a curious transitional form, which has been alternately 
placed in the Cheiroptera , the Ittsectivora , or the Quadrumana, 
or has been regarded as the type of a separate order. The ani- 
mal alluded to is the so-called Flying Lemur ( Galeopithecus 
volitans ), of which more than one species is known as inhabit- 
ing the Indian Archipelago. The leading characteristic in this 
singular animal is the possession of a flying-membrane, which 
extends as a broad expansion from the nape of the neck -to the 
arms, from the arms to the hind-legs, and from the hind-legs 
to the tail. The fingers are not elongated, and do not support 
a “patagium,” so that the animal has no power of true flight, 
but can simply take extended leaps from tree to tree. The 
Galeopithecus lives chiefly upon small insects and birds, and 
it should, probably, be regarded as an aberrant form of the 
Ittsectivora. 

Order XIII. Quadrumana. — The thirteenth order of Mam- 
mals is that of the Quadrumana , comprising the Apes, Mon- 
keys, Baboons, and Lemurs. The characteristic of this order 
is that the innermost toe (great toe) of the hind limbs can 
be opposed to the other toes, so that the hind-feet become pre- 
hensile hands. The term " opposed ” simply implies th$t the 
toe can be so adjusted as regards the extremities of the other 
toes, that any object can be grasped between them, just as the 
thumb of the liuman hand can be 44 opposed ” to any of the 
fingers. The fore-feet may be destitute of a thumb, but when 
this is present, it too is generally opposable to the other digits, so 
that the animal becomes truly four-handed or 44 quadrumanous.” 

The Quadrumana are divided into three very natural sections, 
separated from one another both by their anatomical characters 
and their geographical distribution. 

Section A. Strepsirhina. — Characterised by having the nos- 
trils twisted or curved, and placed at the end of the nose, whilst 
the second toe of the hind-feet is furnished with a claw. The 
Quadrumana of this section are chiefly referable to Madagascar 
as their geographical centre, but they spread from Madagascar 
westwards into Africa, and eastwards to the Indian Archipelago. 
In this family are the Aye-Aye ( Cheiromys ), the Lories {Nycti* 
cehidd), and the Len\urs {Lemuridat). 

Section B. Platyrhina , — This section includes those monkeys 



ORDERS OF ^A^IMALIA. 309 

in which the nostrils are simple, and are placed far apart ; the 
thumbs of the fore-feet are wanting, or,»if present, are not 
oRppsable; and the tail is generally prehensile. The Platyrhine 
Monkeys are exclusively confined to South»America, occurring 
especially in Brazil, and they are all adapted for a more or less 
purely arboreal ^fe. The best-known members of this section 
are the Marmosets (Jfapa/ida), and the great family of the Cc- 
bid& % comprising the Spider-monkeys, the Howlers, and others. 

Section C . Catarhina . — In this, the highest section of- the 
Quadrumana , the nostrils are oblique and placed close together, 
and the thumbs of all the feet are opposable, so that they are 
truly M quadrumanous.” The dental formula agrees with that 
of man : • 


/ 




/// 
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The incisor teeth, however, are prominent and projecting, and 
the canines, especially in the males, are*largeand pointed, whilst 
the teeth form an uneven series. The tail is never prehensile, 
and is sometimes absent. Cheek-pouches are often present. 
In one single instance ( Colobus ) the thumbs # of the fore-limbs 
are wanting. 

Wfch the single exception of a Monkey which occurs on the 
Rock of Gibraltar, all the Catarhine Monkeys are confined to 
Africa and Asia. The most typical forms of the section are the 
Semnopithi ci and Macaques of Asia. Less typical are the Ba- 
boons, which inhabit Africa, and arc amongst the most repul- 
sive of all the Quadrumana . In these the tail is always short, 
and often quite rudimentary. The head is large, and the muzzle 
greatly prolonged, having the nostrils at its extremity. More 
than any other of the Monkeys they employ the fore-limbs in 
terrestrial progression, running upon all fours with the greatest 
ease. 

The third family of the Catarhine Monkeys is that of the An- 
thropoid Apes, so called from their making a nearer approach 
to man in anatomical structure than is the case with any olher 
Mammal. The Anthropoid Apes are distinguished by # having 
no toil, nor cheek-pouches. The hind-limbs are short — shorter 
than the fore-limbs — and the animal can progress in an erect 
or semi -erect posture. At the same time the hind-feet are 
strictly prehensile, since the thumbs are opposable^ to the other 
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toes. The canine teeth’of the males are very long, strong, and 
pointed, but this is dot the case in the females. 

In this tribe are the Gibbons, the Chimpanzee, the Orang- 
outang, and the Gorilla. The Gibbons form the genus Hylobates, 
and they belong to Asia, India, and the Indian Archipelago. 
The anterior limbs in these monkeys are extremely long, and 
the hands nearly or quite touch the ground when the animal 
stands erect. The Orang-outang ( Simia ) has no cheek-pouches, 
and the hips are covered with hair. The arms are of excessive 
length, and the hind-legs very short. When young, the head of 
the Orang-outang is not very different from that of a child, but 
as the animal grows, the bones of the face gradually lengthen, 
whilst the skull remains much about *the same ; great bony 
ridges are developed for the attachment of the muscles which act 
upon the jaws ; the incisors project ; the canine teeth of the males 
become long and pointed, till ultimately the muzzle becomes as 
pronounced and well marked as in the Carnivorous animals (fig. 
1 53, A). The best-knoufa species of Orang is the Simia Satyrus , 
which inhabits Sumatra, Borneo, and the other larger islands of 
the Indian Archipelago ; but there are probably other species or 
varieties. The Chimpanzee and Gorilla both belong to Africa, 
and form the genus Troglodytes . The Chimpanzeeds a native of 
Western Africa, and has the arms much shorter proportionately 
than in the Gibbons and Orangs. Still they are much longer 
than the hind-limbs, and reach below the knees. The hands 
are naked to the wrist, and the face is also naked and much 
wrinkled. The Gorilla is in most respects like the Chimpanzee, 
but is much larger, attaining a height of fully five feet. It is a 
native of Lower Guinea and Equatorial Africa, and is enormously 
strong and very ferocious. It is now generally looked upon as 
the highest of the Anthropoid Apes. 

Order XIV. Bimana. — In this order stands Man alone,' and 
little, therefore, needs to be said on this head. Man is distin- 
guished zoologically from all other Mammals by his habitually 
ereet posture and progression upon two legs. The lower limbs 
are exclusively devoted to progression and to supporting 
the weight of the body. The fore-limbs are shorter than 
the legs, and have nothing to do with progression. The thumb 
can be opposed to the other fingers, and the hands are therefore 
prehensile. t .The fingers and toes are furnished with nails ; but 
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the innermost digit or tTie foot (the great toe) is not capable of 
being opposed to the other toes, so that the foot is useless as a 
grasping organ. The foot is broad and plantigrade, the whole 
sate being applied to the ground in walking. 

The teeth arc thirty-two in number, and they form a nearly 
even and uninterrupted series, without any gap or interval. The 


dental formula *6 : — 
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The brain is more largely developed, and more richly furnished 
with large and deep foldings or convolutions, than is the case in 
any other Mammal. Lastly, Man is the only terrestrial Mam- 
mal in which the body is not furnfshed with a general covering 
of hair. 

The purely anatomical distinctions between Man and the 
other Mammals are thus seen to be not very striking, and of 




Fig. *5.1 —A, Skull of the Onng-uuMiig ; B, Skull of a European adult. 


themselves they would hardly entitle Man to the position of 
more than a distinct order in the class Mammalia. When, 
however, we take into account the vast and unsurmountable 
mental differences, both intellectual and moral, between Man 
and the highest of the brutes, and when we reflect thlft this 
mental difference must have some physical correspogdence, it 
becomes a question whether the group Bimana should not have 
the value of a distinct sub-kingdom, whilst there can be little 
hesitation in giving Man at least a das! to himself. 
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Tabular View of th^ Chief Divisions of the Vertebrata. 
Section A. Icht^yopsida : — 

Class I. Pisces (Fishes).— -Respiration by gills; heart usually of 
one auricle and one ventricle ; blood cold ; limbs, when present, in die 
form of fins. ( 

Order I. Pkaryngobranchii. — Ex. Lancelet. 

Order 2 . Marsipobranchii. — Ex. Lampreys ani Hag-fishes. 

Order 3. 7 'cleostci. — Ex. Eels, Herrings, Cod, 'Flat-fishes, Sal- 
mon, and Trout. 

Order 4. Ganoidei. — Ex. Bony Pike, Sturgeons. 

Order 5. FJasmobranchii. — Ex. Sharks and Rays. 

Order 6. Dipnoi. — Ex. Mud-fish. 

Class II. Amphibia. — Respiration at first exclusively by gills, after- 
wards by lungs, alone or associated with gills ; skull with tw o condyles ; 
limbs never converted into fins ; heart of the adult composed of two 
auricles and one ventricle. 

Order 1. Labyrinthodontia. — Ex. Labyrintliodon. 

Order 2. Ophiomorpha. — Ex. Caecilia. 

Order 3. Ichthyomorpha or Urodela. — Ex. Newts. 

Order 4. Theriomorfha or Anoura. — Ex. Frogs and Toads. 

Section B. Saukofsida 

Class III. Reptilia. — Respiration aerial, never by gills ; pulmonary 
and systemic circulations always connected together, either within the 
heart itself, or in its immediate neighbourhood ; blood cold ; skull with 
one condyle ; integumentary covering in the form of scales or plates, 
and never in the form of feathers. 

Order I. Cheionia. — Ex. Tortoises and Turtles. 

Order 2. Ophidia. — Ex. Vipers, Boas, Rattlesnakes. 

Order 3. iMeertilia. — Ex. Lizards, Geckos, Monitors. 

Order 4. Crocodilia. — Ex. Crocodiles and Alligators. 

Order 5. Ichthyopterygia . — Ex. Ichthyosaurus. 

Order 6 . Sauropterygia . — Ex. Plesiosaurus, 

Order 7. FterosaurUi. — Ex. Pterodactylc. 

Order 8. Anomodontia. 

Order 9, Deinosauria. 

Class IV. Aves (Birds). — Respiration aerial ; lungs connected with 
air-sacs ; heart four-chambered ; blood warm ; integumentary covering 
in the form of feathers ; fore- limbs converted into wings ; animal ovi- 
parous ; skull with one condyle. 

Order 1. Natatorts (Swimmers). — Ex., Ducks, Geese, Penguins, 
Gulls, Petrels. 

Order a. Grailatores (Waders). — Ex., Rails, Cranes, Herons, 
Snipes, Curlews, Plovers. 
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Order 3. Cursores {Gunners). — Ex., Ostrich, Emeu, C&sowary, 
Apteryx. 

Order 4. Rasores (, Scratch frs ). — Ex., Grouse, Pheasants, Pea- 
fowl, Common Fowl, Pigeons. 

Order 5. Scan sores (Climbers). — Ex., Parrots, Cuckoos, Wood- 
peckers. * 

Order 6. fnses sores (Perchers). — Ex., Crows, Finches, Linnets, 
Larks, Shrikes, Thrushes, Humming-birds, Swal- 
lows, Swifts, King-fishers. 

Order 7. Raptores ( Birds of Prey). — Ex. , Owls, Hawks, Buz- 
zards, Eagles, Vultures. 

Order 8. Saurur<e. — Ex. , Archaeopteryx. 

Section C. Mammalia : — 

Class V. Mammalia* — Respiration aerial ; lungs not connected with 
air-sacs ; heart four-chain he red ; blood warm ; integumentary covering 
in the form of hairs ; the young nourished by milk, secreted by special 
glands — the mammary glands ; skull with two condyles. 

Division A. Non-vlacental Mammals. 

Order 1. Monotremata. — Ex., Duck -mole. Echidna. 

Order 2. Marsupial in. — Ex. , Kangaroos, Opossums, Bandicoots, 
Wombats. 

Division B. Placental Mammals. 

Order 3. Edentata. — Ex., Sloths, Ant-eafbrs, Armadillos. 

Order 4. Siren ia. — Ex., Manatee, Dugong. 

Order 5. Cetacea. — Ex. , Whales, Dolphins. 

Order 6. Ungulata. — Ex., Rhinoceros, Tapirs, Horse, Ass, 
Hippopotamus, 1 logs. Camels, Giraffe, Deer, Ante- 
lopes, Oxen, Sheep, Goats. 

Order 7. J/yraeoidea. — Ex., Hyrax. 

Order 8. Proboscidea . — Ex. , Elephants. 

Order 9. Carnivora. — Ex., Seals, Walrus, Bears, Weasels, 
Otters, Dogs, Wolves, Foxes, Lions, Tigers, Cals. 

Order 10. Rodentia . — Ex., Hares, Rabbits, Porcupines, Beavers, 
I<ats, Mice, Squirrels. 

Order 11. Cheiroptera . — Ex., Bats and Fox-bats. 

Order 12. Insec tivora. — Ex., Moles, Shrew-Mice, Hedgehogs, 
Flying-lemur. 

Order 13. Quadrumatta . — Ex., Lemurs, Spider-Monkeys, Ba- 
boons, Gibbons, Orang, Chimpanzee, Gorilla. 

Order 14. Bitnana . — Man. 
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Abdomen (Lot. ahdo, 1 conceal). The posterior cavity of the body, con- 
taining the intestines and others of the viscera. In many Invertebrates 
there is no separation of the body-cavity into thorax and abdomen, and 
it is only in the higher Annulosa that a distinct abdomen can be said to 
exist. 

Abkukant (Lat. aberro, I wander away). Departing from the regular 
type. * 

Abnormal (Lat. ah. from ; norma, a rule). Irregular ; deviating from the 
ordinary standard. 

Abomasum. The fourth cavity of the complex stomach of the Ruminants. 

Abranchiate (Gr. a, without ; bragchia , gills). Destitute of branchial 
or gills. 

Acantiiocephala (Gr. acant ha. a thorn ; kephalr , head). A class of para- 
sitic worms in which the head is armed with spines. 

Acarina (Gr. atari, a mite). A division of the A rachnida, comprising the 
mites and tioks. 

AOORKTION (Lat. accresco , I grow larger). The procoss by which inorganic 
bodies (suoh as crystals) grow larger, by the addition of fresh particles 
from the outside. 

Acephalous (Gr. a, without ; kephate, hood). Not possessing a distinct 
head. 

Aoti nosoma (Gr. aktin, a ray; soma, body). Employed to designate «the 
entire body of any Aetinozotin, whether this be simple (os in the sea- 
anemones) or composed of several Hritfdg (ns in most corals). 

Actinozoa (Gr. aktin, a ray; zoifn, an animal). That division of the Cretan-* 
trrata of which the soa-anomones may be taken as the type. 

Adductor (Lat. addneo . I bring together). Tho muscles which bring to- 
gether the valves of tno shell of the Bivalve molluscs aro known as the 
4i adductors. 1 * 

Aerial (Gr. air). Living in the air ; enjoying the power of flight. 

Ambulacra (Lat. ambulacrum, a place for walking). The perforated 
spaces or “ avenues ’* in tho shell of the JCchinoidea, through which are 
protruded the locomotive tube- feet. 

Amktabolio (Gr. a, without ; mrtaM «?, change). Applied to those insects 
whioh do not possess wings when fully grown, and which do not, there- 
fore, pass through any well-marked metamorphosis. 

Amckba (Gr. amoibos, changing). A species of Rhizopod, so called from 
the numerous ohanges of form whioh it undergoes. 

Amorphous (Gr. a, without ; nwrph t, shape). Not having any definite 
figure. 

Amphibia (Gr. amphi, both ; bios, life). A class of the Vertfbrata compris- 
ing Frogs, Newts, aud the like, which have always gills when young, 
but always develop lungs when fully grown. Most of them, therefore, 
live indifferently on land or in water. 

Amphiooblous (Qr. amphi, at both ends ; koilos, hollow). Applied to ver- 
tebra which are doubly coyoave, or hollow at both ends. 
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Amphi discs (Gr. amphi, at Wth ends ; distos, a^uoit or round plate). The 
spicules which surround the reproductive gemmulee ” of Spongilla, 
and resemble two toothed wheels united by an axle. 

Amphioxus (Gr. amphi, at both ends ; asms, sharpf. The Lancelot, a cur- 
tans little fish, which alone constitutes the order Pharyngolnv nchii. 

Amphipoda (Gr. amphi, and poda, feet). An order of the Crustacea, so 
called because some of the feet are directed forwards and some back- 
wards. 

Analogous. Applied to parts which perform the same function. 

Anarthropoda LUt. a, without; arthros, joint; poda, feet). The division 
of A nnulose animals in which there are no articulated appendages. 

Annrlida (a Gallicised form of Annulata, I^at. annulus, a ring). The 
Ringed worms, which form one of the divisions of the Anartkropudom 

Aknuloida (Lat. annulus, a ring; Gr. eidtu, form). Tbo sub-kingdom 
comprising the Echinodennata and the ScoUcida . 

Annulosa (Lat. annulus , a ring). The sub-kingdom comprising the 
A narthvofMula and the Arthropada or A rticulata, in all of which the body 
is more or less evidently composed of A succession of rings. 

Anomodontia (Gr. anomtM, irregular ; odous, tooth). An extinct order of 
reptiles, called by Huxley Jticynodontia. 

Axomuha (Gr. anomos, irregular ; oura, tail). A tribe of Decapod Crus- 
taceans, of which the Hormit-Crabs are the type. 

Anoplura (Gr. awqtlos, unarmed ; oura , tail). An order of apterous in- 
sects. 

ANOUUA or Anura (Gr. a, without; oura , tail). An order of Amphibia 
comprising the Frogs and Toads, in whidi tho adult is destitute of a 
tail. 

Anteknje (Lat. antenna, a yard-arm). Tho jointed horns or feelers pos- 
sessed by the majority of tho A rticulata. 

ANTKNNri.ES (diminutive of Antenna). Applied to the smaller pair of 
nntonniD in tho Crustacea. • 

Anthropoid (Gr. antkrapos , man ; eidas, form). Applied to those monkeys 
which make tho nearest approach in anatomical structure to man. 

Aphampteka (Gr. aphan*at , inconspicuous ; pterou, a wing). An order of 
insects, comprising the Hens. 

Aulacental (Gr. a, without ; Lat. placenta, a cake). Applied to those 
Mammals in which the young is destitute of a placenta {see Placenta). 

Apterous (Gr. a, without ; pteron , a wing). Destitute of wings. 

Aquatic: (Lat. aqua, water). Inhabiting water. 

Aquiferous (Lat. aqua, water; fern, I carry). Applied to the water-car- 
rying canal-system of the sponges. 

Arachnid a (Gr. amchne, a spider). A class of A rticulata, comprising 
spiders, scorpions, and allied animals. 

A ran ei da (Lat. aranea , a spider). The order of AracMnida comprising 
the true spiders. 

Archaeopteryx (Gr. arckaxos, ancient ; pteruz, a wing). A fossil bird, 
wtiich alone constitutes the order Saururee. 

Arenaceous. Sandy, or composed of grains of sand. 

Arthrofoda. (Gr. artkros, a joint; poda , feet). The division of Anna- 
lorn, in whioh the body is furnished with jointed appendages. 

A rticulata (Lat. articulus , diminutive of artus, a joint). Sometimes 
used in the same sense as the term A rthropoda. • 

Artiodactyla (Gr. artios , even ; daktutos , a finger or toe). A division 
of the hoofed quadrupeds ( U ngulata) in which each foot hae an even 
number of toes (two or four). 

Ascidioida (Gr. askos, a bag or a leather bottle; eidos, form). Some- 
times employed to designate the Tunicata, ag order of the lower Mol- 
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. iwca,£ rom the resembl&ce of the body ixf many cases to a two-necked 
jar, • 

Asexual. Applied to modes of reproduction in which the sexes are not 
concerned (e.a., gemfiiation and fission). 

Ajbteroidea (Gr. aster, a star ; and eidos, form). An order of Echinylfr- 
mata, comprising the Star-fishes, characterised by their rayed form. 
Astomatous (Gr. a, without ; stoma, mouth). Not possessing a mouth. 
Atrium (Lot. a hall). Applied to the large chamber or “ cloaca " into 
which the intestine opens in the Tunicata. 

Auiucle (Lat. auricula, a little ear). Applied to the fiayity of the heart 
which drives the blood into the ventricle. 

Aveb (Lat. avis, a bird). The class of the Birds. 

Balancers. The knobbed filaments which represent the posterior pair of 
wings in Dipterous Insects; also called “ poisers.” 

Balakidab ‘(Gr. halanos, au acorn). A family of Cirripedia, commonly 
spoken of os “ Acorn-shells." 

Baleen (Lat. halce.ua, a whale). fThe horny plates which are placed in the 
upper surface of the mouth of the true or “ Whale-bone ” Whales. 
Batracmia (Ur. batnickos, a frog). Generally applied loosely to any of the 
Amphibia; but sometimes used to designate either the entire class of 
tho Amphibians or the single order of the Anoura . 

Bifid. Cleft into two parts ; forked. 

Bimana (Lat. his, twice; mauus, hand). The order of Mammalia consti- 
tuted by Man alono. 

Bivalve (Lat his. twice ; valve r, folding-doors). Composed of two plates 
or valves ; applied to the shell of the Lamellibrauchiata and Brachio- 
poda , and to tho carapace of certain Crustacea. 

Bla&toidka (Ur. b last oh y a bud ; eidos, form). An extinct order of Edit- 
nodermata, often called PmtremitfS. 

Braohiopoda (Ur. b^achum, tho arm ; poda, feet). A class of the lower 
Moltusca, often called i 4 Lamp-shells," characterised by having two 
floshy ciliated “ arms ” attached to the sides of the mouth. • 

Braohyuua (Ur. brachus, short ; oura % tail). A tribe of Decapod Crusta- 
ceans with short tails ; commonly known os Crabs. 

Bract. Overlapping appendages or plates which protect the polypitesdn 
many of the Oceanic llydrozoa. 

Branchia (Gr. hragehia. the gill of a fish). A respiratory organ adapted 
for breathing air dissolved in water. 

Branchiate. Possessing gills. 

Bronchi (Ur. Irrogdios, the wind-pipe). The branches of the wind-pipe 
(trachea), by which the air is conveyed to the lungs. 

Bruta (Lat. brut us, heavy, stupid). Somotimes used to designate tho 
Mammalian order of the Edentata. 

Buccal (Lat. hucca, mouth or cheeks). Connected with the mouth or 
cheeks. 

Byssus (Gr. Intssos, flax). The silky threads by which many bivalve Mol- 
luscs (such as tho Mussels) attaoh themselves to foreign objects. 

Caducibranchiatk (Lat caducus. falling off ; Gr. hragehia, gills). Ap- 
plied to those Amphibians in which the gills fall off before maturity is 
reached (t.g.. Newts and Frogs). 

Cjscal (Lat. caxus, blind). Terminating blindly, or In a closed extremity. 
Cjbcum (Lat catcm ). A tube which ends in a blind extremity. 
Calcareous (Lat calx, lime). Composed of carbonate of lime. 

Calick. The little cup in which the polype of a coral-producing Zoophyte 
(iictoiofttfit) is contain©^. 
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C&LYOOPHORms (Gr. kaluJ 1 , a cup ; phero, I*carry). An ordA* of the 
Oceanic Mydrozoa, so called from their possessing bell -shaped swimming 
organs. 

Calyx (Lat. a cup). Applied to the cup-shaped Body of the Bell-animal- 
•Cgle ( Vorticella) or of the Crinoidea. 

Campanularida (Lat. campanula , a bell). A group of Sertularian Zo- 
ophytes. • 

Canine (Lat. cants, a dog). The eye-tooth in the jaw of Mammals : so 
called because it is particularly well developed in J)ogs and other car- 
nivorous aninydl. 

Carapace. A protective shield. Applied to the upper shell of Lobsters, 
Crabs, and many other Crustaceans ; and to the upper half of the bony 
case in which the Tortoises and Turtles aro enclosed. 

Carnivora (Lat. caro , flesh ; voro , I devour). An order of the Mammalia, 

Carnivorous. Living upon animal food. 

Carpus (Gr. karpos , the wrist). The small bones which intervene between 
tho fore-arm aud hand. 

Catarhixa (Gr. kata, downwards ; rhivSts, nostrils). A group of tho Mon- 
keys (Quadrumana). * 

Caudal (Lat. cauda , the tail). Connected with the tail, or hinder ond of 
the body. 

Cavicornia (Lat. cavus, hollow; cornu, a horn). The 44 hollow-horned " 
Ruminants, inVliich the horn consists of a central bony 44 horu-core M 
surrounded by a sheath of horn. 

CkntiiUM (Gr. lentron, tho point round which a circle is described by a 
pair of compasses). The central portion hr “ body " of a vertebra. 

Cephalic (Gr. kephate, the head). Connected with the head. 

Cephalopoda (Gr. keplude, head ; poda, foot). A class of Molltwa com- 
prising the Cuttle-fishes and their allies, in which there is a series of 
arms ranged ronnd the head. 

Cephalo-thorax (Gr. kephate, head ; thorax, chest)* The antorior division 
of tho body in many Crustacea and Arachnida, composed of the amalga- 
mated segments of the head and thorax. 

Cerebral. Connected with the brain, or in a restricted sense with the 
44 cerebrum.** 

Gerkbhum. Sometimes employed in a general way to designate the entire 
brain ; but properly restricted to the 44 hemispheres ** of the brain, which 
are believed to be concerned mainly with the discharge of the mental 
functions. 

Cervical (Lat. cervix, tho neck). Belonging to the neck. 

Cetacea (Or. ketos, a whole). An order of the Mammalia , 

Ch-etoonatha (Gr. chaite, a bristle ; gnat bos, the jaw). A class of the 
A narthropoda. 

Cheiroptera (Gr. cheir, hand ; pteron, wing). An order of Mammalia. 

Cheljs (Gr. chele, claw). The prehensile claws with which certain of the 
Jimbs are terminated in many of the Crustacea (such as Lobsters, 
Crabs, &c. 

Chelonia (Gr. chelone, a tortoise). An order of Reptiles. 

Chitink (Gr. chiton , a coat). A peculiar chemical principle allied to horn, 
which is found in the outer covering of many of tho Invertebrata, especi- 
ally in Arthropods (Insects, Scorpions, Crustaceans, &c.) 

Chlorophyll (Gr. chloros, green; phyllon, leaf). The green colouring 
matter of leaves. 

Chrysalis (Gr. citruses, gold). The motionless pupa of ButAerflies and 
Moths, so called because often exhibiting a goMtn lustre. 

Chyle (Gr. chutes, juice). The milky fluid which is the result of the action 
of the various digestive fluids upon the foo<^ 
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ChtlifiO (Gr. ckuloif Lat. fa do, I mice). Applied to one of the 

stomachs, when more them one is present. 

Chyme (Or. chumos, juice). The acid pasty liquid produced by the action 
of the gastric juice uflon the food. 

Cilia (Lat. cilium, an eyelash). Microscopic, hair-like filaments, which 
have the power of lashing backwards and forwards, thus creating currents 
in the surrounding fi&id, or subserving locomotion in the animal which 
possesses them. 

ClRRHl (Lat. citrus, a curl). Tendril-like appendages, such as the feet of 
Barnacles and Acorn -shells ( Ciiripedia ), the lateral jgocesses on the 
arms of Jirachiopods, Ac. 

ClRRirKDiA (I ^at. cirrus, a curl ; pea, a foot). A division of the Crustacea 
with curled jointed feet. 

Cladookha (Gr. klados, a branch ; keros, a horn). An order of Crustacea 
with branched antenna?. 

Clavicle (Lat. clavicula, a little key). The collar-bone of the pectoral or 
scapular arch. 

Cloaca (Lat. a sink). The comnftm cavity into which open the intestinal 
canal and the ducts of the generative and urlhary organs, in many In- 
vertebrates, and boido Vertebrates. 

CniDjH (Gr. kaide, a nettle). The urticating colls ( 44 thread-cells ”), where- 
by manv of the Ceeleuterata obtain their power of stinging. 

Cocoon (Fr. cocon , the cocoon of tho silkworm). The outer covering of 
silky huirs with which the pupa or chrysalis of many insocts is protected. 

Ccblkntehata (Gr. koilos, hollow ; aileron, the bowel). The sub-kingdom 
which includes the Hydrozoh and A ctinozoa, the most typical members 
of Cuvier's division of tho Jiadiata . 

C(K noha lie (Gr. koinos, common ; sarx, flesh). Tho common organised 
medium or stem by which the separate Zooids of a comjtound Hydro - 
totin or A ctinozobn are united together. 

CoLKorTKBA (Gr. koletw, a sheath ; pteron , a wing). The order of insects 
(booties) in which the anterior wiuga are hardened, and form protective 
sheaths for the posterior membranous wings. • 

Columbacki (I At. cofumba , a dove). Tho subdivision of tho Rosorial 
birds containing tho dovos and pigeons. 

CoNDYLK (Gr. kondulos, a knuckle). The surface by which one bone m 
jointed or articulated to another. Applied especially to tho articular 
surfaces by which the head is jointed to tho vertobral column. 

Con ihomtrks ( Lat. conus, a cone ; rostrum, a beak). The division of perch- 
ing birds with conical beaks. 

Copkpoua (Gr. tope, an oar ; pod a, feet). An order of Crustacea . 

Coracoid (Gr. lorax, a crow ; eidos, form). One of tho bones which form 
the scapular arch in Birds, Reptiles, and Monotremata. In tho majority 
of Mammalia it is a mero process of tho scapula, and in man its shape 
is something like that of the beak of a crow ; hence its name. 

Corallum (Lat. for ml coral). Tho hard structures deposited in or J>y 
the tissues of any A ctinozo&n, commonly called a 44 coral." 

CoraLLITK. The entire coral of a simple Actinazo&n, or tho portion of a 
compound coral which bolonga to and is secreted by a single polype. 

Corpus callosum (Lat. the 44 firm body"). The great band of nervous 
matter which unites the two hemispheres of the brain in the Mammalia. 

Corpuscu lated (I At. corvusentum, a little body or particle). Applied to 
fluids whioh, like the blood, contain floating solid particles or 44 cor- 
puscles. *■* 

Cortical Layer (Lat. cortex, bark). The layer of consistent Barcode 
which encloses the central 44 abdominal cavity " in the l infusoria, and is 
covered by the 44 cuticle." 
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Corynida (Or. borune, a club). An order of flydroid Zoophyte/. 

Costal (Lat. costa, a rib). Connected with the riba. 

Cranium (Gr. kranion, the skull). The bony or ayrtil&ginons case in which 
the brain is contained. 

fttftantD a (Gr. kraspedon , a margin or fringe). The long convoluted cords, 
containing thread-cells, which are attached to^he free margins of the 
mesenteries in a Sea-anomone. 

Crepuscular (Lat. crepusculum, dusk). Applied to animals which are 
active in the d^tk or twilight. 

Ckinoidka {(.ir+brinos, a lily ; eidos, form). An order of Rckinodermata, 
comprising forms which are usually stalked, and sometimes resoluble 
lilies in shapo. 

Citocoiiif.f a (Gr. krokodcitos, tho crocodile). An order of Reptilos. 

Crop. A partial dilatation of the gullet, technically called “ ingluviea." 
Sometimes it has the form of a membranous bag appended to tho gullet. 

Crustacea <Lat. evsta, a crust). A class of Articulate animals, compris- 
ing Crabs, lobsters, Ac., characterised by having a hard sholl or crust, 
which they cast porioc\jcaHy. 

Ctenoid (Gr. fret's, a comb ; eidos, form). Applied to those scales of 
fishes the hinder margins of which arc fringed with spines or cut into 
cotnbdike projections. 

CtknoPHOHa (Gr. frets, a comb; phero, I carry). An order of Adinozoa, 
comprising oceanic creatures which swim by means of “ ctenophoros,” 
or bands of cilia arrangod in comb-like plates. 

Cursored ;Lat. curro, I run). An order of Birds, comprising birds in 
which there is no power of flight, but the body is formed for running 
vigorously. 

Cuticle ( l.at. culicula, diminutive of cut in, skin). Tho transparent pellicle 
which forma tho outer layer of the body in Infusoria. The outermost 
layer of the integument generally. 

Cycloid iGr. kufrtts, a circlo ; eidos, form). Applied to those scales of 
fishes which have a regularly circular or elliptical outline. 

CyAiu (Gr. I' nst is, a bladder). Appliod to the embryonic forms of the 
Tape- worms, which wore originally described as a distinct order of Para- 
sitic Worms under the name of Cystica, or “ Bladder- worms." 

VThtoidka (Gr. bustis, a bladder; eidos, form). An extinct order of Echi- 
nn*J*’rnmta. 

Decapod A (Gr. dehx, ten ; poda, feet). The division of Crustacea with ten 
legs adapted for walking (e.a., Crabs and Lobsters). Also, the family 
of Cuttle-fishes ( Cejthalofjoda] in which tho mouth is surrounded by ton 
processes or “ arms.” 

Deciduous (Lat. decido , I fall off)- Applied to parts which fall off or are 
shod during the life of the animal. 

Dei nos a uni a (Gr. deinos, terrible; jaura, a lizard). An extinct order of 

• Reptiles. 

Dental (Lat. dens, a tooth). Connected with the teeth. 

Dentirostres (Lat. dens, a tooth ; rostrum, beak). The division of the 
Perching Birds in which the upper mandible of the bill has its lower 
margin toothed. 

Diaphragm (Gr. diapkragma, a partition). The “ midriff ; ” or the muscle 
which in Mammalia separates the cavity of the chest from tlAt of the 
abdomen. 

Dibrahchiata (Gr. dis, twice ; bragehia gills). The order otVephalopoda 
(comprising the Cuttle-fishes, fee.) in which only two gills are present. 

Dictnodontia (Gr. dis, twice; kmon, dog; odous, tooth). An extinct 
order of Reptiles, called by Owen Anomodsnfia. 
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Digit (Lit. digitxu , a fingerY. A finger or toe. 

Digitiohaba (Lat. digitus, a finger; gradior, I walk). The divisiofa of 
Carnivora in which ti\e animal walks upon the tips of the toes. 

Dipnoi (Gr. dis, twice; pnoS, breath). The order of fishes represented 
by the Lepidariren. * 

Diftbra (Gr. dis, twice ; pteron, a wing). An order of insects character* 
ised by the possession of two wings only. 

Dibcophoka (Gr. dish*, a quoit or round plate ; pkero, I carry). The 
Medusas or Jelly-fishes, so called from their form. 41*o, the order of 
the Leeches ( l/irudinea ), from the suctorial discs which they possess. 

Distal. Applied to the quickly -growing end of the hydrosoma of a 
IfydrozotSn ; also to the end of a limb, or of any portion of a limb, fur- 
thest removed from the trunk. 

Diurnal (I^at. diumus, daily, by day). Applied to animals which are 
active during the day. 

Dorsal (Lat. dorsum , the back). Connected with the region of the back. 

Euiiinoprrmata (Gr. echinos, a hedgehog; derma, skin). A class of 
animals comprising the Soa-urchius, Star- fishes, and others, most of 
whioh have spiny skins. 

Eohinoidka (Gr. echinos, a hedgehog ; eidos, form). An order of Echino - 
dermata, comprising the Sea-urchins. 

Eotooyht (Or. ektos, outside ; kustis, a bladder). The external investment 
of the polypide of n PohfzoOn. 

Ectoderm (Or. ektos, outside ; dei*ma, skin). The external integumentary 
layer of tho Uvelenternta. 

Edentata (Lat. t. without; dens, tooth). An order of Mammalia in 
whioh some or all of tho teeth aro wanting. Often called Jirutn. 

Elasmobranciiei (Gr. elaama, a strap ; bragehut, gill). An onier of fishes, 
including tho Sharks and Hays. 

Elytra (Gr. elutron, a Ahoath). The hard ehitinous nntorior pair of wings 
in tho Rootles, whioh form protective cases beneath which the posterior 
membranous wings can be folded. 

Endocyht (Gr. endon , within ; kustis, a bag). The inner membrane of 
tho polypido of a Poly satin. 

Endodkrm (Gr. endon, within ; derma, skin). The inner integumentary 
layer of the Coslrntevata. 

Kndonkklktun (Gr. endon, within ; skeletos, dry). The internal hard 
structures, such as bones, which sorve for the attachment of muscles or 
tho protection of organs, and whioh are not merely produced by a har- 
dening of the integument. 

Entomostraca (Gr. entoma, insects; ostrakon, shell). Literally “Shelled 
Insects ; ” applied to a division of the Crustacea. 

Entozoa (Gr. rntos. within; zobn, animal). Animals which live porasiti- 
oally in the interior of other animals. 

Equilateral (Lat. tvautts, equal ; fatns, side). Having its sides equal. 
Usually applied to tne shells of the Hrachiopoda. 

Equ 1 valve (Lat aequns, equal; valves, folding-doors). Applied to shells 
which, like those of most of the La mellibtxi nch iata, are composed of two 
equal pieces or valves. 

Errantia (Lat. trro , I wander). An order of Annelida, comprising forms 
whioh fere capable of activo locomotion. 

EuRYFTRRlDA (Gr. earns, broad ; pteron, wing). A group of extinct 
Cru stacea ." 

Exoskxlitoiv (Gr. exo, outside ; skeletos, dry). Under this term are 
comprised all structures which art produced by a hardening of the 
integument 
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Femur. The thigh-bone, hftervening between the pelvis and the bones 
of the leg proper (tibia and fibula). 

Fibula (Ut a brooch). The outermost of the fcwg bones of the leg in the 
higher Vertebrata. 

FmEiox (Lat. findo, I eleave). Multiplication by means of a process of 
self-division. 

Fissirostres (Lat. fissus, cleft ; rostrum, beak)? A sub-order of the 
perching birds, in which the beak can be opened to a great width. 

Flagellum (Lat. a whip). The whip-like appendages of certain Infusoria ; 
thence called V flagellate.” 

Foot. The muscular organ developed on the under surface of the body 
in the higher Mollusca, and subserving locomotion. 

Foot-jaws. The limbs of Crustacea, which are so modified as to subserve 
mastication. 

Foot-tu BRRCL88. The unjoin ted lateral appendages of the Annelida, 
which subserve locomotion, but are not articulated to the body. 

Foraminipeua (Lat. foramen, an aperture; fero, I carry). An order of 
Protozixi, usually characterised by having a shell perforated by numer- 
ous holes or “ foramina,” through which the psoudopodia are emitted. 

Frugivouoits ( Lat. fintx, fruit ; voro, I devour). Living upon fruits. 

Funnel. The stomach-sac of the Ctetwpkora ; the muscular tubo of the 
Cuttlo-fishos by which the water filling the mantle-cavity is ejected. 

Fuiitulitm (Lat. diminutive of Jurat, a fork). The V-shaped bone or 
** merry- though t* of birds formed by the united clavicles. 

GallixaCEI (Lat. gallirta , a fowl). Often applied to the entire order of 
the Kasorial birds, but properly restricted to that section of the Itasores 
of which the common fowl in a typical cxamplo. 

Ganglion (Gr. gaggtion, a knot). A moss of nervous matter containing 
nerve-cells and giving origin to nerve-fibres. 

Ganoid (Or. ganos , splendour; e idos, form). Applied to those scales of 
fishes which are composed of bone, with an outer layer of polished 
orifbnel. 

GanoiukI. An order of fishes, now mostly extinct. 

Gasteropoda (Or. naster, belly ; poda, feet). The class of the Mollusca 

w comprising the ordinary univalvos in which locomotion is usually effected 
by creoping about on a fiat toned “ foot.” 

Gemmation (Lat . ormma, a bud). The production of fresh structures by 
a process of budding. 

Gki’IIYRKa (Or. gephura, a bridge). A class of the Anarthroporla. 

Gizzard. A muscular division of the stomach in insects, birds, Ac. 

Uoxophore (Or. go nos, offspring ; nhsro, I bear). Tho generative buds or 
receptacles of the reproductive elements in the flydrosoa, whether these 
become detached or not. 

Gonosome (Gr. gonos, offspring ; soma, body). Applied collectively to tho 
•assemblage of the reproductive buds of any Hydrozo&n. 

Guallatores (Lat. grades, stilts). The order of the wading birds. 

Granivorous (Lat. granum, a grain or seed ; voro, l devour). Living 
upon grains or other seeds. 

Graptolitida (Gr. grapho, I write ; litkos, stone). An extinct sub-class 
of the Hydrozoa. 

Grkoarinidji (Lat. gregarius, occurring in numbers together). A class of 
the Protozoa. 

Gullet. The tube which leads from the throat to the stomadh. 

H.emal (Gr. haima, blood). Connected with the blood-vessels, or with 
the circulatory system. 
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0ALLUX*(Lat. all ex, the thjunb or great toe). The innermost of the five 
digits which normally compose the hind foot of a Vertebrate animal. 

The great too of man, 

HKOTOOOTYLUS (Gr. hekaton, a hundred ; leoiulos, a cup). One of the 
“ arms M of the male cuttle-fishes, metamorphosed for reproductive pur- 
poses. , 

Hemklttra (Gr. hemi, half ; elutron , a sheath). The wing of certain in- 
sects (Ilemiptera), in which the inner portion of the wing is hardened by 
chi tine, and resembles the elytron of a beetle. a 

HKMrMKTABoLio (Gr. hemi, half ; metabole, change). Applied to those in- 
sects which undergo an incomplete metamorphosis. 

Hkmutkka (Gr. hemi, half ; pteron , wing). An order of insects, so called 
because the anterior wings are sometimes in the form of “ homely tra.” 

Hermaphrodite (Gr. Hermes, Mercury; Aphrodite, Venus). Possessing 
the organs of both sexes combined. 

Hktkhockrcal (Gr. heteros, diverse ; kerkos, tail). Applied to the tail of 
fishes when it is unequal ly lohod. 

Heterogeneous* (Gr. heteros, diverse ; genos, kind). Unlike or dissimilar 
in kind. 

11 KTKKOMOiti'iuo (Gr. heteros, diverse ; marphe , shape). Differing in form 
or shape. 

IIktehopoda (Gr. heteros, diverse ; poda, feet). An order of Gosteropo- 
dous Molluscs. 

Hilum (Lat. hilum , a littlo thing). A small aperture or depression. 

II 1 1 U? DINK a (Lat. hirmlo , a horse-loooh). The order of Annelida compris- 
ing the leeches. 

Holockphali (Gr. ho/os, whole ; kephale, head). A sub-order of the Elas- 
mobrnnehii. 

Holomktabouo (Gr. halos, whole ; metaMe, change). Applied to those 
insects which undergo a complete metamorphosis. 

Holothuroidka (Gr. itolothonrion). The order of Echinodermata, com- 
prising the sea-cueumbors. 

Homockiu'al (Gr. homos, same ; kerkos, tail). Applied to the tail of fishes 
when the two lobes ore equal. 

Homogeneous (Gr. homos, same ; grnas, kind). Oflike kind or nature. 

Homologous (Gr. homos, same; logos, a discourse). Applied to parts 
which arc constructed upon the same fundamental plan. 

Homomorpiious (Gr. homos, same; morjdie, form). Having a similar ex- 
ternal appoAranee or form. 

Humerus. The bone of the uppor arm in Vertehrata . 

Hydatids (Gr. hudatis, a vesicle), The bladder-worm of the tape-worm 
of the dog. 

Hydra (Gr. hudra, a water-serpent). The generic name of the fresh- 
water polypes. 

Hydhoida (Gr. hudra; and tidos, form). The sub-class of the Hydrozoa, 
containing the animals most noarly Allied to the Uydm . Often spoken 
of as the Hydroid Zoophytes. 

Hydrorhiza (Gr. A infra ; and rhUa, root). The adherent base or proxi- 
mal extremity of any HydrozoOn. 

Hydhoboma (Gr. hudra; and soma, body). The entire organism of any 
/fydt'ozo&H. 

HydroWkca (Gr. hudra ; theke, a case). The little ohitinons cups in 
which the polypitesof the Sertularida and Ca mpanularida are protected. 

HTDROXOA^Gr. hudra ; so&n, animal). The class of the Ceslenteraia which 
comprises animals constructed after the type of the Hydra. 

Hymenoptera (Gr. A amen, a membrane j iterou, a wing). An order of 
inseots (comprising Bees, .tnti, Ac.), with four membranous wings. 
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TIyojd (Cjt. U ; fidog, formA A bone which^supports tho tongue, and 
which derives its name from its resemblance in man to the letter U. 

Hyuacoidka (Gr. hurax, a shrew ; eulos, form). An order of Mammalia. 

IcjUJHYomorpha (Gr. ichthm, a fish ; morphe, shape). An order of Amphi- 
bia, comprising the fish-like Newts, &e. 

Icutu yophtiuka (Gr. fchth us, a fish; ph tfieir, a louse* An order of Crustacea. 

1chtiiyoi\sii>a (Gr. ichthus, fish ; opsi*, appearance). The primary divi- 
sion of the Vectebrata. which includes the two classes of tho .1 mukihia 
and Pisces. % • 

loiiTHYOPTKliYuiA (Gr. ichthas, a fish ; pterux , a wing). An oxtinct order 
of Reptiles. 

Ichthyosauri a (Gr. ichthus, a fish ; saura, a lizard). An oxtinct order of 
Reptiles. 

Imago (Lnt. an image or apparition). The perfect insect, after it has 
passed through all its metamorphoses. 

Incis< »k ( Lit. iht'itl-,, I cut). The cutting teoth fixed in the front of the up- 
per jaw, and tho corresponding teeth fta the lower jaw of tho Mammalia, 

Inequilateral. Having the two sides unequal, as is tho caso with the 
shell of tho ordinary bivalves {Lamellibra nehiata). 

Inkquivalvk. Composed of two unequal pieces or valves ; os is tho caso 
with tho shells of tho /Jrachio/)*nta . 

Infusoria (Lat. iofnsum, an infusion). A class of Protozoa, so called 
from their frequent occurrence in organic infusions. 

rsrsKCTA ( I At. insrea, I cut into). Tho class of Articulate animals com- 
monly known as Insects. • 

Inskotivoiia (Lat. inmclum , an insect; v ora, I devour). An order of 
Mammalia. 

I.Vseuti V uKors. Living upon Insects. 

Intkh vMur i.ACit a ( J*at. inter, between ; ambulacrum, a place to walk in). 
The rows of plates in an Jichiuns, which are not perforated for the emis- 
sion of tho tube-feet. 

lNTr*si\si , i;j»TioN T (Lat. inhw y within; snscipio, I take up). The act of 
taking foreign mutter into a living being. 

iNvr.uTKUHATA (Lat. in, without; ivrf* bra, a bone of tho back). Animals 

"Without a spinal column or backbone. 

I»4»I'oi>a (Gr. m»s, equal; /twin, feet). An order of Crustacea, in which 
tho feet are equal and like ono another. 

Labium (Lat. for lip). Restricted to tho lower lip of Articnlato animals. 

Labhum (Lat. for lip). Restricted to the upper lip in Articulato animals. 

Labyuintiiodontia tOr. laburinthos, a labyrinth ; minus, a tooth). An ex- 
tinct order of Amphibia. 

Laukktilia (Lat. laccrta, a lizard). An order of JUptilia, comprising tho 
Lizards and Slow-worms. 

Lakmoihi’oda (Ur. taima, throat; dis twice; poda, feet). An order of 
Crustacea, with two legs under tho throat. 

LaMKLLIBkanchiata (Lat. lamella, a plate; Gr. hragchui, gill). Tho doss 
of MtJhtHca, comprising tho ordinary bivalves with lenf-like gills. 

Larva (Lat. a mask). Tho insect in its first stage after its emergence 
from the egg, when it is usually very different from the adult. 

LepidoE'TKka (Gr. bp is, a scale; pteron, a wing). The order of •Insects 
comprising the Butterflies and Moths, characterised by having four 
wings usually covered by minute scales. • 

Lingual (I At. lingua, tongue). Connected with tho tonguo. 

Luckhnahida (Lat. lucema, a lamp). An order of the Hydrozoa . 

Lumbar (Lat. Iambus, a loin). Connected witji the loins. 

Y 
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MacrurI (Gr. makros, long ; oura, tail). Ascribe of Decapod Crustaceans 
with long tails (c.g., the Lol>ster, Shrimp. &c.) 

Madrepokiform. Perforated by small holes like a coral (or madrepore ) ; 
applied to the spongy tubercle by which the water-vascular system 
of Echinoderms mostly communicates with the exterior. 
Malacodkrmata (Gr. ma/akos 9 soft ; derma , skin). Applied to a group 
of the Actinnzoa , comprising the soft-skinned sea-anemones. 
Mallophaoa (Gr. mat/os, a lleoce ; phago , I eat). An order of Insects, 
comprising the Bird-lice. 

Mammalia (Lat. mamma , the breast). The class of 'Vertebrate animals 
which sucklo their young. 

Mandible (Lat. mandihnUm , a jaw). The upper pair of jaws in Insects ; 
one of the pairs of jaws in Crust area and Spiders ; the beak of Cepftalo- 
pnrta ; tho lower jaw of Vertebrate animals. 

Mantle. The external integument of most of the Mollvsca, which is 
largely developed and forms a cloak for the internal organs. Techni- 
cally called the ‘'pallium.'* 

Manubrium (Ijat. a handle). THe central nolypito which is suspended 
from the roof of tho swimming-bell of a Sit a nsa or medusiform gono- 
phoro amongst the llydrozoa. 

Maiisi point anciiii (Gr. marsipos, a pouch; bragehia, gill). An order of 
Fishes comprising tho Hag- fishes and Lamproys, with pouch-like gills. 
Maiihui'Ialia (Lat. mars upturn, a pouch). An order of Mammals, in 
which the females are usually furnished with an abdominal pouch in 
which tho young arc carried. 

MantioaTORY (Lat. mnstico, I'chow). Adapted for chewing. 

Medusas. A group of Hydro; tut., commonly known as Jelly-fishes, so 
called Iwcauso of the resemblance of their tentacles to tho snaky hair of 
the Medusa. 

Mkduhikokm. Rosombling a Medusa in shape. 

Mkduhoid. Like a Medusa. Used as a noun to designate the medusiform 
generative buds (gonophores) of tho llydrozoa . 

Mkmbhana nkjtitaNH (lAt. nicto, I wink). The third eyelid present in 
Birds, Ac. 

Mkrostomata (Gr. viiron 9 thigh ; stoma , mouth). An order of Crustacea. 
Mesenteries (Gr. mesas, intermediate ; enteron, intestine). The mem- 
brane by which the intestine is attached to the walls of the abdomen. 
I11 a restricted sense, tho vertical plates which divide the somatic cavity 
of a Sca-anemono into chambers. 

Metacarpus (Gr. meta, after; karpos, tho wrist). The bones which form 
tho “root of tho hand," and intervene between the wrist and the 
fingors. 

Metamorphosis (Gr. met a, denoting change ; morphe , form). The changes 
of form which certain animals undergo in passing from their younger to 
their fully-grown condition. 

Metatarsus (Gr. meta, after ; tarsus, the instep). The bonee which ^in- 
tervene between tho instep (tarsus) and the digits in the hind-foot of 
tho higher Vertebrates. 

Molars (Lat. mota, a mill). Tho "grinders" in man; or the teeth in 
Mammals which are not preceded by milk-teeth. 

Mollvsca (Lat. mot Us, soft). The sub-kingdom which includes the true 
Shellfish, the Potyzoa , the Sea- squirts, and the Lamp-shells. 
Molluscoida ( Matlusca , and Gr. suios, form). The lower division of the 
Moltuscft, comprising the Polyzoa, Sea-squirts ( Tunicata ) ; and the Limp- 
shells iBraeAiopoda). 

Moxotha lamoU 8 (Or. monos, single ; tXalamos , a chamber). Consisting of 
only a single chamber. Applied to the shells of Faraminyfera and Mollusc*. 
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Moxotrfmata (Gr. monos , single; tr<?ma t an t aperture). The ordor of 
Mammals, comprising the Duck-mole and the Spiny Ant-eater, in which 
the intestinal canal opens into a 11 cloaca ” comfnon to the ducts of the 
urinary and generative organs. 

Mftift’HOLoav (Gr. morph*, form; logos, discourse). The science of the 
external form and internal structure of the various parts and organs of 
different animals. 

Multi valve (Lat. multus, many; vahw, folding -doors). Applied to shells 
which arc compared of more than two pieces or valves. 

Myriapoda {Gi\%inrios, ten thousand ; t foot). A class of Articulate 
animals comprising the Centipedes and their allies, characterised by the 
possession of numerous feet. 

Xatatoiiks (Lat. nare, to swim). The order of the Swimming Birds. 

Natatory. Adapted for swimming. 

Nautili > m. Shaped liko tho shell of the \aufihts. 

Necto-calycks (Gr. necho, I swim ; a cup). Tho swimiuing-bolls 

of the Oceanic Hydroziui % 

Xr.MATDDA or NkmaToiuka (Or. a thread ; eidos, form). Tho divi- 

sion of tho Scttfecida, comprising tho Thread-worms and Round -worms. 

Nervukks (Lat. nrrrus, a sinew). Tho ribs which support the membran- 
ous wings of insects. 

Neural (Gr. nrnroit, a nerve). Connected with the nervous system. 

Nf.UIKH'TKRa (Gr. neuron, a nervo ; ptcrun, a wing). An order of Insects, 
in which the wings are momhranous and have numerous interlacing 
nervurcs. 

Nocturnal (Lat. nor, night). Applied to animals which are active at 
night. 

Normal (Lat. norma, a rule). Conforming to tho ordinary standard. 

Notochord (Gr. mdos, tho hack ; chords, a string). A cellular rod which 
is developed in the embryo of Vertebrates imnffediatoly beneath tho 
spited cord, and which is usually replaced in tho adult by the vertebral 
column. 

Nucleolus. Tho minute solid particle found in tho interior of the 
puclcus of some cells. Also, the minute body attached to the exterior 
of the “ nucleus ” of certain of tho infusoria. 

Nucleus (Lat. a kernel). The solid or vesicular body found in the inte- 
rior of many cells ; also the solid rod or band-shaped body found in tho 
interior of many of the Protozoa. 

NuduwaxcHIaTA (Lat. nudus, naked; Or. hragehia, gill). An order of 
the fJasUrojXfda in which the gills are naked. 

Oceanic. Applied to animals which inhabit the open ocean. 

Octopoda (Gr. octo, eight ; poda, feet). The tribe of Cuttle-ffshes with 
eight arms round the head. 

Oi»ff ntophork (Gr. odaus, a tooth ; pftrro, I carry). The so - called 
“tongue** or masticatory apparatus of the Gasteropoda, Pterop*xla 9 and 
C 'c)Jialopoda, 

(Esophagus. The gullet, or the tube by which tho food is conveyed from 
tho mouth to the stomach. 

Oligochaeta (Gr. ofigos, few ; chaHe, bristles). An order of the Annelida 
comprising the Earthworms. 

Omasum (Lat. bullock** tripe). The third stomach of Ruminants, com- 
monly called the “psalterium.” 

Omnivorous (Lat. omnia, everything; voro , I devour). Feeding indis- 
criminately upon all kinds of food. 

Operculum (Lat. a lid). The shelly or horny"plate by which the shell of 
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a IJnfvalvo Mollusc in <}lo.sod when the £mmal has retired within it; 
also tho chain of tlat bones which covers tho Kills in many tishes. 

OrmiilA (Ur. ophin t a sqppent). The order of reptiles comprising the Snakes. 

OruioMOiiriiA (Or. ophti r, a serpent; morpke, shape). The order of *lia- 
phifjui, comprising tho ('ucilitr. « • 

OiMiiiiitoinr.A (Gr. opi^n, a serpent ; our a, tail ; eirfos, form). An order of 
IWhuHuhruialti t comprising tho Brittle-stars and Sand-stare. 

Ol*lSTHo»’*»‘.i.t»lJ.s (Or. o/tii behind; koilos, hollow). Applied to ver- 
tub? re, the bodies of which are hollow or concave ludiind, and convex 
in front. • 

On ,yl (I«ut. o*„ tho mouth). Connected with tho mouth. 

Oitruoi’mtA ((Jr. nrtfinx, straight; pftron, a wing). An order of insects. 

Oscrr.A (Lat. diminutive of <»*, mouth). Tho largo apertures (“ ox halm it 
apertures") by which a s|H>nge is |>orforuted. 

Ostiiacoda (Ur. oHtrohnc, a hIioII ; ruto*, form). An order of small Crus- 
taceans which are enclosed in bivalve shells. 

Oviiwiuuis (Lat. fu'iUH, an eggj 1 bring forth). Applied to nni- 

nmls which bring forth oggs, in contradistinction to those which bring 
forth their young nlivo. 

Ovipositor ( I sit. ncitnii an egg; /»«o, I place). Tho organ possessed by 
some insects, by means of which tho eggs aro placed in a position suit- 
able for their development. 

Ovisac. 1 . Tho external bag or sac in which certain of tho famlrbrata 
carry their eggs after they are extruded from tho body. 

O Vo* v I VI pa in i us ( I sit. moral,, an egg; vufmt, alive; pario, l bring forth). 
Applied lo auimals which retain their eggs within tho body until they 
lire hatched. 

Ovr.\t (Lat. an ogg). Tho germ produced within tho ovary, and capable 
uinler certain conditions of hoiug developed into a new individual. 

I'ai'II YDKHM ata (i*r* pttf/ui*, thick; derma, skin). An old Mninmnlinii 
order, constituted by Cuvier lbr the reception of the Klephaut., dluno- 
coros, Hippopotamus, Ac. A 

P.vu.iAti. Connected with the mantle or “pallium." 

Pai.i.U'M (Lat. a cloak). Tho " man tie" of tho Mulluttra, 

Pai.pi (I sit. patjut, I touch). Processes, supposed to bo organs of tmiMi, 
dovetopod from certain of the organs of the month in various Articulate 
animals, and from tho sides of tho mouth in the Bivalve Molluscs. 

Papilla (l<nt. for nipple). A minuto soft prominence. 

I*AU\t‘Oi>lA ((Jr. para, beside; ptufa, foot). Tho lateral locomotive pro- 
cesses nr ** foot-tuberclcs " of many of the A tttofida, 

Pauiktal (Lat. p»fr/rx, await), Connected with tho walls of a cavity or 
of tho body. 

PaiukTo-hpl’anchnic (T^it. a wall; (Jr. spin *jeh «ow, an internal 

organ). Applied to one of tho nervous ganglia of tho Molltutra which 
supplies tho walls of tho body and the viscera. * 

F atari dm (Lat, the bonier of a dress). Applied to the expansion of the 
integument by which Bats, Hying Squirrels, and other animals support 
themselves in tho air. 

Pkctouai. (I*at /wfii*, tho breast). Connected with the chest. 

Pedal (Lat. /*■*, the foot). Connocted with tho foot; generally used in 
commotion with tho J/of/ium. 

PKDh'KLLAttl.fi (Lnt. /Mf/uW/u*, a louse). Curious appendages found in 
many ArhitunUrms, attach ml to the surface of the body, and resembling 
a little }mir of pincers supported on a stalk. 

Pkdipalpi (Lat. foot; pa ipo, I feel). An order of .drarAjtu&i, com- 
prising the Scorpions’, 
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pEnrxcuLATED (Lat. pedtnicilus, a stem). Supported upon a %tem or 
stalk. • 

pKT.vislLat. basin). The bony arch with which the lower or posterior 
pair of limbs is connected in many Vertrhrata. # 

PjfittMNXf UKANCHI ATA (Lat. prreinii*, perpetual ; Gr. bragchia, gills). Ap- 
plied to those Amphibia which tain their gills throughout life. 

Pnti8sui>A(TYLA (tir. prrisxtts, even; dal-htJojt* finger). Applied to 
those hoofed Mammals {Cngt fa) which huve an uneven number of 

t«HJS. 

pKiiiVfsrKUAi. (Gr ./*?>•!*, around : .at. r/wvim, the internal organs). Ap- 
plied to the space surrounding n.o viscera in most animals. 

PhaLaNOKs <Gr. nhahinx, a row). The small bones composing the digits 
of the higher Vertebrates. Normally each digit has three phalanges. 

PtiAK y N tinliii.YM'iiii (Gr. phuruyr, the pharynx; bragehia, gills). The 
order of fishes comprising only the l*ancelet. 

Pharynx. The upper part of the gullet. 

PilYi.v.nroii.v (Gr. phuftti", leaf; pwta, feet). An order of Crurtumt. 

PitYjffK'JiiiKivi.i: (Gr. ph n ,<(t , bellows or tfir-bladdcr ; I carry). An 

order of Oceanic /fgdntztnl. 

Pjxn K ( Lit. i\ feather). Lateral processes, applied especially to 

the processes of the arms of (Yinoids, or of the Tentacles of Aicyononu . 

Pi XX mu aha (Lat. pi nut f, and gwi/inr, I walk). The family of Contieuro, 
comprising the Seals and Walruses, adapted for an aquatic life. 

Pisi'Ks (Lat. piti'ix, a fish). The class of the Vtrbbntfa comprising the 
fishes. 

Placenta (Lap. a cake). The ,f after-hirtfi/’ or the organ by which a 
vascular connection is established in the higher V* rb brat a between the 
mother and the voimg animal previous to its birth. 

Pi. \< KNTAh. Possessing a placenta, or connected with the placenta. 

Pl.\c«»m (Gr. pbt,t\ a plate; * idm r, forint. Applied to the irregular bony 
plates, grains, or spines which arc found in the skin of various fishes. 

Pi.AiilnsTiiM! (Gr. pfo*/i»s t transverse; sOmm, mouth). The Sharks and 
Haft, in which the mouth is transverse, and it* placed on the under sur- 
face of the head. 

Plan a id pa (Gr. pfuni, wandering). A group of the Nmhcidtt. 

ITanTIoiiaha (Lat. phtnttt, the solo of the foot; //nn/mr, 1 walk). The 
group ut the fit rnirof-tt in which the solo of the foot is applied to tho 
ground. 

Pi , \ntujh \DK. Walking upon tho solos of tho feet. 

PhwnmN < f ; r. einpluxtnot, a plaster). Tho ventral shield of tho case of 
the Tortoises ami Turtles ( Phil on in ). 

Pl.vmuilNA yGr. plains, broad; # bitux, nostrils). A group of the Quad - 
nnna no, 

Plksiosxukia (Gr. pU*io*, near; fount, a lizard). An extinct order of 
U^ptilcH. 

PurK.rs (l^at. a shod). The larval form of the Sea-urchins (fob inn*). 

Pnki math* (Gr. pitetuna, air). Filled with air. 

Pnhtm AT otMioitK (Gr. pucumit, air ; pftrro , I carry). The air-bladder of 
the 

Pooonomata (Gr. pons, foot; soma, body). An order of A rtu-hnida, 

PoisEiiA. Seo Halancen. 

Poi.li.x (I*at. tho thumb). The innermost of tho normal five digital of tho 
fore-foot of the highor Vertebrata. The thumb of man. 

PoLYcyhTINa (fir. pains, many; bust**, a bladder). An ordered Protozoa. 

Pol.YUAMora (fir. jtohts, many ; yarn**, niarriago). Applied to cases in 
which one male consorts with several females. 

PoLYGAHTiuc'A (Gr. polus, many; garter, stom%ch^ The name applied by 
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Ehrerfberg to the Infusoria, under the belief that they possessed many 
stomachs. 

Polypary, The hard ohitinous covering secreted by many of the Hydro- 
zoa. f 

Polypk (Or. polun. many ; pons, foot). Restricted in modern usage to, the 
single individual of a simple ActinozoOn, or to the separate zooids of a 
compound Aclinozotiil. 

Polypi dr. The separato zooid of a Polt/zoOn, 

Polypi dom. Synonymous with polypary, but often applied to the Poly - 
zoa t as well as to tne llydrozoa . 

Polypitk. The separate zooid of a Hydrozo&n. 

Polytiialamouh [point, many; thalamos, chamber). Many-chambered. 
Applied to tho shells of Foramiuifera and Cephalopoda. 

PoLY/oa (Or. /solus, many ; zoii/t, animal). Tho Sea-mosses and Soa-mats, 
forming tho lowest class of tho Moltusca. 

Pilkmolaus (bat. prw, before; molnren, grinders). Tho molar teeth 
which succeed the molars of the milk sot of tooth. 

ritiE U'.HOPU aokal. Situated in front of the gullet. 

Phoiiokuiuka (bat. proboscis , the snout). Tho ordor of Mammals com- 
prising tho Klephnnts. 

Pkouirlouh (Or. pro, front; I'oilon, hollow). Applied to vertebras, tho 
bodies of which are hollow or conoavo in front. 

PkutophyTA (Or. protus, first; pfiytou, plant). Tho lowest division of 
plants. 

Protoplasm (Or. proton, first ; plasso, I mould). Tho elementary basis of 
organised tissues. Sometimes used as identical with tho “sarcodo” of 
tho Piotozoa. 

Protozoa (Or. proton, first; zoiin, animal). Tho lowest division of tho 
niiinial kingdom. 

Proximal (Lnt. prarimns , next). Tho slowly -growing, comparatively 
fixed extremity of adimb or of an organism. 

pMAt.TKUUTM (bat. a stringed instrument). Tho third stomach of tho 
HuminiintH. 

Psku null ASM al (Or. jtscudos, falso ; haima , blood). Tho vascular system 
of tho . I mu el if la, 

Ps KU i **>• n I : A RTs. Contractile cavities connected with tho reproductive 
system of tho lirmhiopotla. 

Phkuiiopodia (Or. fMmto*, false; foot). Tho temporary oxtonsions 

of the body-Hiibstanco which are put forth by tho ilhizoptnla at will, and 
which servo both for locomotion and for prehension. 

pTKRomiiA (Or. pteron, a wing; /mdn % foot). A class of Mnllusca swim- 
ming by means of fins attached to tho sides of the head. 

Ptruosapria (Or. ptenm, a wing; Aiiirii, a lizard). An oxtinct ordor of 
reptiles. 

Pulmonary (bat. pul mo, a lung). Connected with tho lungs. 

Pulmonatk. Possessing lungs. 

Pupa ( I -at. a doll). The stato of metamorphosis of an insect immediately 
preceding its nppearanoo in a perfect condition. In this stato the insect 
ts very of ton motionless, and is often called a “chrysalis.** 

Pylorus (dr. pnfortx, a gate-keeper). Tho valvular aperture between 
the stomach and the commencement of the intestine). 

Qu a DRUM an a (bat 7 uatuor, four ; manun, hand). The ordor of Mammalia 
comprising the Monkeys, Baboons, Lemurs, Ac. 

Quadrumanous. Four-handed. 

RaDiata (Lai. radius, a *%y). Formerly applied to a large number of 
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animals which arc now plafeed in separate sufl-kingdoms ( e,g the C&len- 
teratt i, Ech i u ode r mat a, Infusoria , See . ) t 
Kadiolaria (Lat. radius , a ray). An order of Rhizofwda . 

Radius. The innermost of the two bones of tlfb fore-arm of the higher 
• Vertebrates. It carries the thumb or pollox, and corresponds with the 
tibia of the hind-limb. 

Raptures (Lat. rapto, I plunder). The order of tfte Birds of Prey. 
Raptorial. Applied to animals which live bv preying upon other animals. 
Ka sorer (Lat. njdo, I scrape or scratch), tbo order of the Scratching 
Birds (Fo wisp Pigeons, Ac.) 

Reptima (Lat. ri/tfo, I crawl). The class of the Vertebrata comprising the 
Tortoises, Serpents, Lizards, Crocodiles, &c. 

Reticulum (Lit. n net). The second stomach of the Ruminants. 
Khizopoda (Hr. rhiz* c, a root; poda, feet). Tho division of Protozoa com- 
prising all those which are capable of omitting pseudopodia. 

Rodkntia (Lat. /Wo, 1 gnaw). An order of tho Mammalia. Often called 
fiftrrs (I At. gits, a dormouse). 

Rotii- era { Lat. rota, a wheel ; fero, I® carry). A class of tho ScokcLda, 
comprising the so-called “ Wheel-animalcules.” 

Rt’oosa (Lat. rugasus, wrinkled). An extinct order of corals. 

Rumen (I^at. the throat). The first stomach or “ paunch" of Ruminants. 
Ul’MlNANTlA (Lat. ruminor, I chow tho cud). A group of the Jloofcd 
Mam mafia. 

Sacrum. The vertebra? which unite with the haunch- bones to form tho 
pelvis. * 

Saucudk (Or. fa /-.»*, flesh ; rid os, form). TI 10 jelly-like substance of which 
the bodies of the Pnriozoa are composed. 

Sarcoid. The separate Anneba-like particles which collectively make up 
tho ** flesh " of a Nj>ongo. « 

Sai i{oi*hii>a (Hr. saura, lizard; apsis, appearance W The name given by 
Huxley to tho two classes of the Reptiles ami Birds collectively. 
S.\iilopTKR\<iiA (<*r. saura, a lizard ; ptcrnjc, a wing). An extinct order 
of Reptiles. 

S.\rRricA5 (Hr. saura, a lizard : aura , tail). The order of Birds compris- 
• ing only tho extinct .1 refaroptrn/.r. 

Scansureh (i/rtt. srundo, 1 climb).* Tho order of tho Climbing Birds (Par- 
rots, Worn 1 peckers, Ac. ) 

Scapula. The shoulder-blade of T Wtrhrata. 

Sclkrobasic (Or. skkras, hard ; basis, pedestal). Tho form of coral which 
constitutes n central axis surrounded by the soft parts of the animal 
(e.g., Rod Coral). 

Sclerodermic. Applied to those corals which are secreted within tho 
body of the |>olyp 08 which produce them. 

Scolecida (Hr. sMejc, a worm). A division of the A nnuloitla. 

Satta (Lat. scutum, a shield). Applied to the shield-like integumentary 
plates dovcloped in many Reptiles. 

Septa. Partitions. 

Skhpkntikorm. Resembling a serpent in shape. 

Ser tula iuda (Lat. sertum, a wreath). An order of the Ihjdi'azoa. 

Sessile (Lat. sedo, I sit). Not supported upon a stalk, but attached by a 
base. • 

Siliceous (Lat. sikjc, flint). Composed of flint. 

Siphon (Or. a tube). Applied to the respiratory tubes of many of the 
MoUusra ; also to other tubes of different functions. 

Siphonophora (Gr. siphon, a tube ; phero, 1 carry). A sub-class of the 
JIt/drozoa. 
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Sirknia (Or. seiren, a mermaid). An order of Mammalia , comprising the 
Dugongs and Manatees. r 

SOLIDUNOULA (Lat. solicits, solid ; ungula , a hoof). The group of Hoofed 
Mammals comprising the Horse, Ass, and Zebra. 

Somatic (Gr. soma, body). Connected with the body. * • 

Somitk (Gr. soma). A single segment in the body of an Articulate 
animal. 

Spicula (Lat. spiculum, a point). Pointed needle-shaped bodies. 
Spinnerets. The organs by means of which Spiders ,-and Caterpillars 
spin threads. * 

Sponcjida (Gr. spoggos, a sponge). The division of the Protozoa commonly 
known as sponges. 

Sternum (Or. stenum). The breast-bone. 

HtomaPoda (Gr. stoma , mouth ; poda, feet). An order of Crustacea. 
Stomatodk (Gr. stoma, mouth). Possessing a mouth. The Infusoria are 
thus often called the Stomatode Protozoa . 

Strkpmutkra (Gr. strepho, I twist c : pteron , a wing). An order of Insects 
in which the antorior wings are represented by twisted rudiments. 
Streps! ruin a (Gr. strepho , I twist; rhines, nostrils). A group of the 
Qnadrumana . 

Suctorial. Adapted for suction or for imbibing fluids. 
Supka-cksopuaqkal. Placed above the gullet or oesophagus. 

Tabula* (Lat. tabula , a tnblot). Horizontal plates or floors which are 
found in many corals. t 

Tactile (Lat. tango, I touch). Connected with the sense of touch. 

T JEN j ADA (Gr. tainia, a ribbon). The order of ticolecida comprising the 
Tape- worms. 

Takso- metatarsus. The single bone produced in Birds by tlio union and 
anchylosis of the lower part of the tarsus with the metatarsus. 

Taurus (Or. tarsos, the 1 flat of the foot). The small l>o»es which form the 
ankle (or “ instep” of man); corresponding with the carpus of the An- 
terior limb, * 

Trleostei (Gr. teleios, perfect ; osteon, bone). An order of Fishes, often 
spokou of as the Bony Fishes. 

Tklbon (Gr. a limit). The last joint in the abdomen of the Crustacea. 
Tknuirontrkm ( f Att. tenuis, slender; rostrum, beak). A group of the 
Perching Birds characterised by their slender beaks. 

Terrestrial (Lat. terra, earth).* Living upon dry land. 

Test (Lat. testa, a shell). The shell of Mollnsca, which are for this reason 
sometimes called Testacm . Also, the oalcareous shell of Sea-urchins. 
Also, the thick loathury outer tunic of the sea-squirts ( T unicat a). 
Tktrabranuhiata (Gr. tetra, four ; hragehia, gill). The order of Mollnsca 
characterised by the possession of four gills. 

Thalassicollida (Gr. that ossa , son; ltd la, glue). A division of Protozoa . 
Thekiomorpha (Gr. Mrr t boast ; morpke , shape). Employed by Owen to 
designate the “ tailless Amphibians,” such as Frogs and Toaas. 

Thorax (Gr. a breastplate). The chest. 

Thtsanura (Gr. thnsanoi, fringes ; merit, toil). An order of Insects. 
Tibia. The shin-bone, corresponding to the vadius of the fore-limb, and 
being tho innermost of tho two bones of tbe leg. 

Trachea (Or. tmeheia, the rough wind-pine). The tube which conveys 
air to the lungs in the air-breathing Vertebrates. In Insects* Myriapods, 
and Spiddta, the air-tubes which ramify through tbe body. 

Trematoda (Gr. trema, a pore or hole). An order of Scolecida. 

Trilobita (Gr. trris, three ; lotos, a lobe). An extinct order of Crustacea. 
Tubicola (Lat. tuba, a turbo co/o, I inhabit). An order ot Annelida. 
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Tubularida (LaL tuba, a tnfl 0 ). Often used instead of Covynida\o desig- 
nate an order of the Hydrozoa . % 

Tunjcata (Lat. tunica* a cloak). The Sea-squirtg, a class of the Mollus- 
coidu • 

• • 

Ulna (Gr. olcnt, the elbow). The outermost of thj two bones of the fore- 
arm, corresponding with th e .fibula of the hind-limb. 

Umbo ( Lat. the boas of a shield). The beak of a bivalve shell. 

Umbrella. Tho^iontmctilo disc of one of the Lucn narida. 

Ungulata (Ijxtfnnguta, a hoof). The order of Mammalia comprising the 
Hoofed Quadrupeds. 

Univalve (Lat. uuus, ore ; vulva*, folding-doors). Applied to shells com- 
posed of a single piece or valve. 

Urodela (Gr. oura, tail; dilos, visible). The order of the “ tailed'* 
Amphibians. 

Vacuoles (Lat. ramus, empty). The little cavities formed in the interior 
of mail)* of the I*rot<*z<M ^ by tho presence of particles of food surrounded 
by a little water. 

Ventral (Lat. center, tho stomach). Relating to tho inferior surface of 
the body. 

Ventricle (Lat. rent ritml its, diminutive of venter, belly. One of the cavi- 
ties of tho heart. 

V eh mem ( Lat.. vermis, a worm). Sometimes used at the present day in the 
same, or nearly the same, sense us Annuls id a, or os A nnuloida plus tho 
A j> arthropod". 

V lic mi form. Worm-like in shape. 

Vkrti.hr a (Lat. vrrto, 1 turn). One of the bones composing the spinal 
column or back- bone. 

Vertkbhata. The sub-kingdom comprising animals, almost all of which 
have a more or less well developed vertebral cohftnn. 

Vesicle (Lat. r*sira t a bladder). A little sac, bladder, or cyst. 

VjsA:ha ( I At. risen x). The internal organs of the body. 

Viviparous (l,nt. virus, alive; pario , I bring forth). Applied to animals 
which bring forth their young alive. 

XiPnosuUA (Gr. xiphos. sword ; oura, tail). An order of Crust of “a, com- 
prising the King-Crabs. 

Zo oil) (Gr. zo/in, animal ; eidos, form). The more or less completely inde- 
pendent organisms produced from a primitive being by gemmation or 
fission, whether these romain attached to one another or are detached 
and set free. 

Zoophyte (Gr. zotSn, animal ; phuf on, plant). Loosely applied to many 
plant- like animals, such as Sponges, Corals, Sea-anemones, Sea-firs, Sea- 
*nats, &c. 
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A canthoce phala, 104; general charac- 
ters of, 110. 

Acatithometra , 32, 33. 

Acanthopteri , 224. 

A carina, 138. 

Achetina , 154. 

Acorn -Shells, 134. 

Actinia, 80. 

A ctinidae, 80. 

Actinozoa, 40; general characters of, 78; 

orders of, 80. 

Agapomis, 273. 

Air-receptacles of Birds, 202. 

Ale idee, 288. 

A Icyonaria, 80; genural characters of, 85. 
A leytmium, 85. 

A lga>, 4. 

Alligator, 249, 250. 

Ambulacra! system of Echinus, 04. 
Aiiietabolic Insects, 140, 152. 

A in i non ftes, 104, 105. 

A ma'ha, 28 ; vacuoles of, 25 ; nucleus of, 
25 ; reproduction of, 20. 

A mtt'ftm, 23. « 

Amphibia, 207; general characters of, 
220. 230. 

Auiphldises, 87. 

A mphinxus, 218, 210. 

Amphipoda, 133. 

A mpuflaria, 181. 

A nacantkini, 223. 

Analogy, 15. 

A narthropoda, 116. 

Anatina*, 208 
Anyuillula, 111. 

Aftoitur, 248. 

Animals and Plants, differences between. 
3-0. 

Annelida, 110; general characters of, 
117, typical segment of, 117; divisions 
of, 118. 

Anmilouto, 15 ; characters and divisions 
of, 91 ; tabular view of, 119. 
Antiufosa, 15; general characters of, 
lift ; tabular view of, 101. 

A nomodontia, 241. 

Anomura, 128. 

Anopluip, 152. 

Anouro/290, 282, 99ft. 

Anseritur, 208. 

Ant-eaters, 290. 

Antelopes, 298. 

Antennae, 120, 148. 

Anthropoid. Apes, 909, 910. 

Ant-lion, UHL ** * 


Ants, 158. 

Apes, 308. 

Aphaniptcra, 155. 

Aphids s, 153. 

Aphis-lion, 154. 

Aphrodite , 122. 

Apidee , 168. 

Aplacental Mammals, 285. 

Aptera, 149. 

Apteryx, 204, 270. 

A pus, 135. 

Aquiferous System (Sponges), 35, 30. 

A rar.hnactis, 81. 

Arachnida , 123, 124; general characters, 
130, 138; orders of, 138, 141. 

Arancida , 140, 141. 

A rchwnpteryx, 207, 277. 

Ardeidm , 200. 

A rent cola , 122. 

Argtmauta, 100, 101, 102. 

Armadillos, 290. 

Arms of Brachinpoda , 174; of Cepha- 
lopoda, 188, 190, 101, 10i, 103. 

Arthropoda, 110; general characters of, 
1 23. 

Articulata, 123. t 

A rtutdactyla, 204, 295, 208. 

Ascaris, 111. 

Ascidtan Molluscs, 171 ; solitary, social, 
and compound, 172, 173. * - 

Aseidioida , 171. 

Ass, 205. 

A steroidea, 02; general characters of, 
90-08. 

Atolls, 84. 

Atrium ( Tunicata), 172. 

Aurelia, 74. 

Aves, 208; general characters of, 254; 
feathers of, 254, 255 ; vertebral column 
of, 255 ; Beak of, 260 ; pectoral arch of, 
256, 257 ; hind-limb of, 268 ; foot of, 250; 
digestive system of, 200, 261 ; respira- 
tory system of, 202 ; circulatory sys- 
tem of, 262, 203 ; nervous Bystem and 
organs of sense of, 264; migrations, 
205. 

Aves altrices , 264. 

Aves erratics, 285. 

Aves inanenttB, 20ft. 

Aves migratorim , 265. 

A ves presences , 204. 

Avocet, 208, 209. 

Aye-Aye, $08. 

Baboon, 909. 900. 
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Balcena, 293. 

Baleen idee, 202. 

Balance 156. 

Balanidat , 134. 

Balanus, 134. 

Jllleen, 292. 

Baluttidct , 224. 

Bandicoot, 239. 

Batide #, 227. 

Balraehia , 233. 

Bats, 305, 306. 

Beaver, 304, 30$ 

Bee-eaters, 275. 

Bees, 158. 

Beleinnites, 103. 

Bimuna, 285 ; general characters of, 310. 
Biology, definition of, 2. 

Bird-lice, 162. 

Birds (we A ne«). 

Bird's -head process, 170. 

Birds of Prey, 275. 

Bivalve Hhell-ftah, 176. • 

Bladder-worms we Cystic Worms). 
Btantnidea, 102. 

Btattina , 154. 

Blind-worm. 243. 

Boa. 247. 

Book-scorpion, 140. 

Brar.hwjutda , 164, 166; general charac- 
ters of, 173-175. 

Brachyura , 120. 

Bracts (of oceanic Hydra zoo.), 65. 
BritdtfjMnUdt e, 280. 

Branchial hearts (Cuttle- fishes', 180. 
Bran filial sae ( T unicat a ), 172, 173 ; 
(Lancelot), 210. 

Bran chi/era ( (Jaeteropoda ), 182. 

Bn it a, 2S0. 

Buccinum, 183. 

Bvrvridm, 275. 

Bufotiultr, 2:15. 

«*Biill-flnch, 274. 

Bustards, 269. 

Buttnrllies, 157. 

Bysiius(of Lamellihranchiata ), 177, 180. 


Cadncihra nchiata (Amphibia), 231. 
Cieoa, intestinal (of Birds), 201. 

CtrcUum, 229, 230. 

Caiman, 250. 

Calamarics, 187, 191, 193. 

Calice (Corals), 82. 

Calyeoj>horidee, 64 
Qamelidie, 208. 

Camelopardatidce , 208. 

Campanularida , 03 ; medufliform gono- 
phorea of, 63. 

Canals, of Sponges, 35 ; of A Icyonaria. 

85 ; of Ctenophora, 88, 89. 

Canidee , 303. 

CaprimxUgidee, 275. 

Capybara, 306. 

Cannaria, 185. 

Carnivora, 285; general characters of, 
800-804. 


Carriage -spring apparatus (Bnukio- 
podaX 176. 


CassowAy, 270. 

Casuarjtu, 270. 

Castoriaap, 805. 

Cafarhina^09. 

Cats, 303, 304. 

Cavidm, 305. 

Cavieomia, 298. 

Cebidce , 3099 
Cellulose, In Ascfdians, 4. 

Con titles, 142. 143. 

Cejthalaepi a, 226. 

Cephalopoda , 164, 176; general charac- 
ters of, 187, 195; respiratory organs 
of, 169; shell of, 191; reproduction 
of, 189-191. 

Cephalothomx, 125, 126, 136. 

Cerastcn, 247. 

Cert h idee, 275. 

Cervidce, 298. 

Ceetraphori , 227. 
vtthiw, 89. 

Cetacea , 285 ; general characters of, 292- 
294. 

Chcetngnatha , 116. 

Chameleo , 249. 

Charadriidcr , 269. 

Cheirmnys , 308. 

Cheiroptera , 285; general characters of, 
305-307. 

Che trot herium , 235. 

Clielm, 128, 131, 135. 

Chelifer , 140. 

Chelonia , 238, 241 ; general characters of, 
242-244. 

Chiuuera , 227. 

Chimpanzee, £10. 

Chltine, 123. 

Chlamyphorwt , 289. 

Chlorophyll, in animals, 5. 

Cicada, 153. 

Ciliata (/ t\fu#oria), 43. 

Cirrijmlia , 134, 135. 

Civet, 303. 

Cladocrra , 132, 133. 

C la mat ore x, 272. 

Classification, 6-18. 

Cleudora, 186. 

Ctiona , 38. 

Cloaca, of Hotifera, 113; of Insects, 147; 
of Amphibia, 229 ; of Reptiles, 239 ; of 
Birds, 260, 261, 262; of M onot re mala, 
286. 

Clupeidm, 223. 

Cnidm, 46. 

Cochineal Insects, 153 
Cockroaches, 154. 

Cocoon, 151. 

Coelenterata, 15; general characters of, 
44, 46; thread-cells of, 45, 46; divi- 
sions of, 46. 

Coenosarc, 50. 

Coleoptera , 160, 161. 

Collc^phcrra, 34. 

Colobus, 309. 

Coluber , 247. 

Columbaeei, 271. 

Comatmla,n00, 101, 102. 
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Crmirostres? 274. 

Contractile vesicle of Amoebaj23, 25; 

of Irtfusoria, 41. 

Cnpepoda , 132, 133. 

Corn], 82. 

Coralllte, 82. 

Corallium , 87. 

Coralluin, 80; distinctions between dif- 
ferent coral I a, 82. 

Coral-reefs, 83, 84. 

Cordyltmhora , 54-66. 

Cortical layer of Infusoria, 40. 

Corynida , 61 ; general characters of, 54; 

reproduction of, 67. 

Caryomorpha, 56. 

Crane, 260. 

Crane-fly, 166. 

Cmspcda, 81. 

Cribella , 97, 98. 

Crmoidca , 92; general characters of fc 
100-102. 

Crist ate l la, 170. 

Cracodtlia , 238, 219, 240, 241; general 
characters of, 249, 250. 

Crop of Insects, 147; of Birds, 200. 
Cross-bill, 275. 

Crotalus, 247. 

Crow, 274, 275. 

Crustacea, 116-123; general characters 
of, 126. 

Ctouocyst, 89. 

Ctenuphora, 78, 79, 80; general charac- 
ters or, 87-90. 

Ctcnophores, 88. 

• Cuckoo, 266 , 273. 

Cuculidar , 273. 

Cw/#»jr, 156. 

Curlew, 266, 268, 269. 

Cursor**, 266, 273. 

Cuticle of Infusoria, 40. 

Cuttle dishes, 187, 189, 191. 

Cucicria, 186, 

Cytnuus, 135. 

Cyanca, 74. 

Cyclas, 178. 

Cyclohtbrhhr, 224. 

Cyclops , 133. 

Cydippc, 88. 

Cyymdir, 268. 

Cynthia , 171. 

Cy prinkl**, 223. 

Cypris, 133. 

Cypselidm, 275. 

Cystic Worms, 105, 106, 107, 108. 
Cystoidea, 102. 


Daphnia, 133. 

Dasypodidat . 290. 

Dasyurus, 289. 

Decapttda {Crustacea), 126, (Cephalo- 
jsHta), llrs. 

Peer, 298. 

Dei mmauria , <41. 

Delphi aides, 293. 

Dental formula, 2S1, 

Dentirostres, 275. 

Desmut iw, 5. 


Diatomafam , 5. 

Dibranchiatm , 189, 191, 192. 

Didelphys , 288. 

DiMuaia , 26, 30. 

Dujitigrada, 301, 303. 

Diplograpsus , 77. « • 

Dipnoi, 218; general characters of, 227, 
228. 

Dipodidce , 305. 

Diptera , 156. 

Discophora (Medusas)) 51 ; general char- 
acters of, 68-71 ; (Leecnesj, 118. 
Discorluna, 22, 23, 24. 

Distal, 50. 

Distoma, 108, 109. 

Dodo, 272. 

Dog, 803. 

Dolphin, 292, 293. 

Doris , 184. 

Dormice, 305. 

Dorsal vessel of insects, 148. 

Draco, 249, 352. 

Dragon-flies, 154. 

Drama ins, 270. 

Duck, 266, 268. 

Duck-mole, 286. 

Dugung, 290, 291. 

Baulk, 267. 

Echidna, 286, 287. 

Echinodenuata , 91; general characters 
or. 91, 92. 

Echinotdca , 92; general characters of, 
92-96; aquiferous system of, 94,95; 
development of, 96. 

Echi nornynchus, 110. 

Echinus, anatomy of, 93-96. 

Kvtoeyst, 167. 

Ectoderm, 44, 45. 

Edentata , 285 ; general characters of, 289. 
Elasmobranchii, 218; general characters 
of, 226, 227 ; salt-orders of, 227. u 
Elephant, 299, 300. 

Elytra, 160. 

Kineii, 266, 269, 270. 

Emys, 243. 

Eudocyst, 167. 

Kudodcrii!, 44, 46. 

Entomtstraca, 133. 

Entoma , 104. 

Eozoon, 31. 

EphemcriiUr , 154. 

Epistylis, 40, 42. 

Eq aider, 295. 

Er inace idee, 307. 

Errantia, 123. 

Esncidce, 223. 

Eudendrium, 56. 

Euryptcrida, 131, 132. 

Eyes of Insects, 143. 

Fkathkr-stah, 100, 101, 102. 

Eelid<r, 303 ; dental formula, 301. 
FieUl-bug, 153. 

F Maria, 111. 

Finches, 275. 

Fiuuer-wholes, 298. 
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Fission, continuous and discontinuous, 
48. 

Fi*ain>#frc*, 275. 

Flayrllata , 43. 

Fleas, 155. 

G’teah-flics, 158. 

Float of Pkyaopharidas , 66. 

Flukes, 108. 

Flu*tra, 4, If.*?. 169. 

Fly-catcher, ‘-*75. 

Flying- Dragon, ^J4#. 

Flying-Lemur, S08. 

Flying-Squirrel, 305. 

Fo<mI of animals and plants, 5. 

Food- vacuoles, 41. 

Fmit of Molltwctt , 164, 165, 177. 
Foot-jaws, 128, 142. 

Foot-tul^ndes, 1 17. 

Foramintfera. 23; general characters 
of, 27; ]Kfiidii)MKlitt of, 27; shell of, 
28, 29; attliiities of, 30; distribution 
of. in s | nice, 31; in time? 31; Barcode 
of, 27 ; presence of, iu white chalk, 31. 
Forest-titan, 156. 

Form ><• >' dir, 1 58. 

Fowl, 266, 271, 272. 

Fox- bats. 806. 

Frimjiflidir, 275. 

Fiinging-reefs, S3. 

Frog, development of. 234. 

Funm-1 of Ctenophora, 89; of Cephalo- 
poda, 188, 192 ; of SaxUilwt , 188, 193. 

C3ai> ri.iFs. 158. 

Gndidiv, 224. 
da h'ttjdthccux, 308. 

Gallnt aeei t 271. 

Gajjio afiP, 2 ,, 9. 

Gamma run, 135. 

Oannet. 262, 268. 

Ganoidvi. , 218; general characters of, 
• 224 226, 

Gasterojenla, 164, 165. 176; general 
characters of, 181-186; shell of, 1S3, 
184*. ndnntophure of, 181; develop- 
ment o f. 183. 

Gftvial, 249, 250. 

Geckotidrr , 249. 

Geese. 266, 26S. 

Ge mitorcM, 272. 

Gemmation, continuous and discontinu- 
ous, 47, 4S. 

Gemmules of SpongiUa, 37. 

Generations, alternation of, 59. 
Gephyrca , 110. 

Gibbon, 310. 

Giraffe, 293. 

Gizzard of insects, 147 ; of birds, 260, 261. 
Ghtbigenna, 30. 

Gnats, 156. 

Goat, 298. 

Goat-sucker, 275. 

GobiidfP, 224. 

Gonianter, 98. 

Gonophores, 57, 50; medusiform, 58, 60, 
03, 65, 06. 

Gonosome, 67. 


Gordia&a, 104; general clufracters, 110. 
Gorponidw, 36, 87. 

Gorilla, 310. 

Grallatore* 206, 208, 269. 

Grant fa, 24. 

Graptolitidtr 76. 

Grasshoppers, 1.54. 

Greenland ffluile, 293. 

Gretjarina , 21. 

Greyarinidtr , 21 ; reproduction of, 22. 
Gntida ?, 269. 

Gey Hina, 154. 

Guinea-fowl, 272. 

Guiuea-pig, 3U5. 

Guinea-worm, 111. 

Ilannopin, no. 

Hag- fishes, 217. 220. 

Hair-worms, 110. 

J] alien re, 291. 
llnl teres (sec Balancers). 
liajHtlidtP, 309. 

Hare, 305. 

Harvest-spiders, 140. 

Hawks, 267. 

Heetoeotylus, 191. 

Hedgehog, 3i»7. 

Hetnelyf.ni. 153. 

Hciuimctaholic insects, 149, 153. 
Heihiptera , 153. 

Hermit-crabs, 128. 
lie run, '206, 269. 

Ueteropoda , 184, 185. 

IJijTpoboffca, 156. 

U ijrjHKd wpidtP, 224. 
lifrwUnea. , 618; general characters of, 
118, 119. 

Jf irundinidir , 275. 
liolocephali, 227. 

Hnlonietaholif insects, 149, 155. 
IJolothuroidra, 92 ; general characters 
of, 102, H 3. 

Homology, 15. 

Honey-eater, 275. 

Hoopoe, 275. * 

Horn-hill, 262. 

Horse, 295. 

IJousc-fly, 156. 

Humming-birds, 266, 275. 

Hyrmidie, 303. 

Hydatids, 1* 8. 

Hydatina, 112. 

Hydra, 51 ; reproduction of, 54. 
Hydrachna , 139. 

Hydra-tuba, 74. 

Ifydrida, 51. 

Hydnnda, 51 ; reproduction of, 67-60. 
Hydroid Zoophytes, 51. 

Hydrophidt. g r 247. 

Hydrorhiza, 51. 

Hydrosoma, 49. 

Hydrotheca*, 01. 

Hydrozoa, 46; general sharacters of, 
46; terminology of, 47; reproduction 
of, 57-60; divisions of, 51. 

Jlylobaten, 310. 

Hymenoplbra, 158. 
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IlyracoidetP, 285 ; general chan&tera of. 

208, 209. 

Ilyrm , 299. 

IlyatricidcB, 805. 

Ichneumon, 145, 158. 

Ichthymnorpha , 230, 231, 232. 
Ichthyophthira , 185. 1 

Jchthyopsida, 207. 

Ichthyopterygia, 241 ; characters of, 

Ichthyosaurus, 250, 251. 

Iguana. 248. 

Ilyanthus , 81. 

Imago, 149. 

Imperforata (Foramin\fera), 28. 
Individual, definition of, 47-49. 
It\fU8*rria % 20, 21 ; general characters of, 
80, 40 ; development of, in organic in- 
fusions, 30 ; d attribution of. in spaco,43. ( 
Insccta, 123, 124 ; general characters of, 
144-151 ; organs of the moutli of, 145, 
148; digestive system of, 147; meta- 
morphoses of, 140-151; orders of, 162- 
161. 

Insect ivora, 285 ; general characters of, 
307. 

Insessores, 268, 273. 

Invetfebrata, general characters of, 15. 
Isis , 86, 87. 

ImjHHta , 130. 

I ulus, 143. 

.Tahuah, 314. 

Molly-fishes, 68-71. 

Jerboa, 306. 

Kangaroo, 288. 

Kangaroo-bears, 289. 

King-crabs, 131. 


Labium, 146. 

Lahruni, 146. 

Labyrinthodontia, 230, 235. 

Lacerta, 248. 

Lace r tarn , 238, 241 ; general characters 
of, 218, 240. 

Lmmodipoda, 135. 

Lagena, 28, 29. 

LamelUbranchiata, 164, 165, 173 ; gene- 
ral characters of, 176-180. 

Lampreys, 220, 221. 

Lamp-shells, 166. 

Lancelot, 214, 216, 218, 219. 
Land-salamanders, 232. 

Laniidt *», 275. 

Laridm, 268. 


Igarka, 266, 276. 

Larva (of Insecta), 149, 159. 

Leeches, 118, 119. 

Lemurs, 80b. 

Lepadidm , 184. 

Leonard, 804.*' 

LepidopUra, 1661 

LepkMren, 216, 217, 220; general oha 
routers of, 227-228. 

Lspidosteus, 224, 225. 


Leportdcdt 305. 

Lemma , 135. 

>. Libellulidm , 154. 

LU-e, 162. 

Limulus , 130, 131. 

Lingual ribbon (of Mollusca), 181, 1821 ' 
Lingula , 174. 

Linnets, 266. 

Lion, 304. 

Liver-fluke, 108. 

Lizards, 238, 248, 249 .** , 

Lobster, 126-128. # 

Lob- worm, 122. 

Locustidm , 164. 
laphobranchii , 224. 

Lophnpus , 169. 

Lories, 308. 

Love-birds, 273. 

Luce maria, 72. 

Lucemarida , 51 ; general characters of, 
72; development of, 73; structure of 
reproductive zoOlds of, 74-76. 
Luinbricidm , 119. 

Lurnbricus , 120. 

Lynx, 304. 

Macaque, 309. 

Maccaw, 273. 

Macropodidm, 288. 

Macrura , 126. 

Mail re jvori form tubercle, of Echinus , 94 ; 

of Star-fishes, 97 : of Molothurians, 103. 
Malacwiermata ( Zoantharia ), 81. 
Mnlacopteri, 223. 

Mallitphaga , 152. 

Malpighian vessels of insects, 148. 
Mammalia, 207, 278-285. 

Mammoth, 300. 

Manatee, 290. 

Mandibles of Spiders, 136 ; of Insects, 
146; of Cephalopoda, 188. 

Manis , 284, 290. 

Mantle, 174, 176, 18 8. 

Manubrium, 58, 70. 

Marginal bodies of Medusidm, 70 ; of 
Lucemarida , 75. 

Marmoset, 309. 

Marmot, 305. 

Mareipobranchii, 218; general characters, 
220, 221. 

MarsupUilia, 285; general characters of, 
287. 288. 

Marten, 275. 

May-Ales, 154. 

Maxllto of spiders, 136; of Insect a, 146. 
Measles, of nig, 107. 

Medusm , hidden-eyed, 68, 73, 75. . 

Medium, naked-eyed, 60, 68, 69, 70. 
Medtuuia, aa 71. 

Meduaold buds of Hydrotoa , 58, GO, 64. 
Melicerta , 112. 

Meliphagxdm, 275. 

Meropiam, 275. 

Merostomata, 130. 

MeruUdm, 276. 

Mesenteries (of Aetinotoa\ 78, 81. 
Metamorphoses of Insects, 149-151. 
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Mire, SOft. 

Miliola, 27, 28, 82. 

Millipedes, 142. 143. 

Mites, ISO. * 

Mole, 307. 

3fd>lty*ca t 1ft; general characters of, 163- 
180; shell of, 166; divisions of, 166. 
Mollusca Pnqter, 176-105. 

MoUtucoida , characters of, 166 ; divisions 
of, 167-175. 

Monitors, 248. 

Monkeys, 308-310* 

Moiiothalonious shells {Foraminifcra\ 
29. 

Monntrrwata, 285; general characters of, 
286, 287. 

Morphology, 10. 

Monte, 302. 

Moths, 166, 157. 

Mugilidtr , 224. 

Multi valve Hindis, 134, 166. 

Munrnid<*. 223. 

MurUias , 306. 

If usee*, 166. 

Mtutcicapidto, 275. 

£/.’/<*, 180. 

MyoxidfP, 306. 

MyriajMula, 123,124; general characters 
of. 142, 143. 

Myrmeeobius, 288, 289. 

Myrmrcuphaga, 290. 

Mt/rrnsleo, 154. 

Myxine , 220. 

MyxinuUr, 220. 

MyxinoUls, 217, 220, 221. 

Naidider.* 119, 120. 
iVrtjfl. 247. 

Narwhal, 293. 

y at afore s, 260, 266; general characters 
of, 267. 268. 

Sfciutiloid shells {Foraminifera), 29. 
Sautil us, Pearly, 187, 188, 189, 191, 193; 

Paper. 188, 191, 192. 

Kectocalyces, 64, 65, 6f 69. 
yematoda, 105; general characters of, 111. 
yemertidtp, 110. 

M ere is, 121. 

Nervures, 144. 
yeurrtptera , 154. 
ynctiluca, 43. 
yotlosaria, 29. 

Nucleolus of Paranurcium, 41. 

Nt^leuH of Paramcrcium, 41. 
yudibranchiata, 184. 
yumeniu a, 269. 

Nummnlites, 81. 32. 

Nummulitlc Limestone, 32. 
yycticeouUm, 308. 

Oceanic Hydrosoa, 64-67. 

Octopoda, 188-192. 

Octopus, 193. 

Odontoeeti, 293. 

Odontophore, of Gasteropoda, 181. 
Oliyochasta, 118 ; general cltaracters of. 


Omnivor^ JJngulata), 296, 294 
Oniscus, 130. 

JOperculum (of Molluscs), 181 ; (of Fishes), 
215. • 

ophidia , 238-241 ; general characters of, 
244-247. 

Opkiocoma , 98. 

Ophiomurpha&2SO. 

Ophiura , 98. 

Ophiuroidea, 92-97; general characters 
of, 98, 99. 

Opossum, 2S8, 2S9. 

Orang-outang, 310. 

Organ-pipe Coral, 86. 

Organs of the mouth of Insects, 146, 
146. 

Orn ithorhjpu'hus, 288, 287. 

Orthoceras , 194, 195. 

Orthoptera , 153. 

Oryeterapus, 290. 

Offcula of S] singes, 35. 

Oxteoh'pin, 225. 

Ogtracumtid/p, 224. 

Ostraroda, 132, 133. 

Ostrich, 260, 260, 269, 270. 

OtitUw, 269. 

Otter, 303. 

Ovarian vesicles of Scrtularida, 62. 
Ovipositor, 145. 

Owls, <07-276. 

Oxen, 298. 

Oxyuris, 111. 

Paguridte, 128. 

Pallia! line, 178, 179. 

Pallial sinus, ljp. 

Pallium (we Mantle). 

Pangolin, 290. 

Paper Nautilus, 188, 191, 192. 
Paratnatcium , 40; reproduction of, 41; 

nucleus and nucleolus, 41. 

Parapodia, 117. 

Parrakcets, 273. 

Parrots, 259, 266, 273. 

Passerine Birds, 273. 

Patagium, 306. 

Pearly Nautilus, 187, 188, 189, 191, 193. 
Pecten , 180. 

Pedicellarhc of Echinus, 94; of Star- 
fish, 97. 

Pedipalpi , 139, 140. 

Pelias . 247. 

Pelicanus , 262, 266, 268. 

Penguin, 268. 

Pennatula, 85. 

Pentatama, 153. 

Perchers, 273 276. 

Pereidxs, 224. 

Perennibranchiata {Amphibia), SSL 
Perforata ( Foraminifera ), 28. 
Perrissodactyla , 294, 29ft. 

Pema , 178. 

Petromyzon, 221. 

Petromysonidm , 220. 

Phalacrocorax , 268. 

Phalsngers, 289. 

PhalangMmpUO. 
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Pharyngfpranchii , 218-220. t# 

Flmryiix of Ascidiuus, 172, 178 ; of Lan- 
celot, 219. ' 

Pha*ianid(# , 272. 

PheaHantM, 260, 272. 

Pliolades, 180. 

Phryganeida ?, 154. 

PhyWmoda , 185. 

Phynalui, 00. 

Physiology, 10. 

Phyuophoritlcv, 60. 

Pigeons, 260, 271, 272. 

Pinnigrada , 801, 302. 

Pipiduv , 235. 

Pittccit, 2*8; general characters of, 209; 
scales of, 2u9, 210; skeleton of, 210 ; 
limbs of, 212; tail of, 213; digestive 
system of, 214; respiratory system of, 
214; heart of, 215; swim-bladder of, 
216; nervous system of, 216; repro- 
dilution of, 217 ; orders of, 218. ' 

Placental Mammals, 235. 

Plagiontomi, 227. 

Plana ritta , 109. 

Plantigrada , 301, 302. 

Platyrhina , 308. 

IHeetognathi, 224. 

PleHhauturwt, 251. 

Pleurobrachia , 88 ; canal - system of, 

KO. 

Plcttmnectidcv, 224. 

P Infant, 96. 

Puoiimatoplinro, 66. 

Podinuntiata, 133. 

Pint urn, 152. 

Polycyutina, 30; generpl characters of, 
33. 

Pofygastriea, 41. 

Poly nor, 122. 

Polypary, 50. 

Polype, 79, 

Polypide, 167. 

Polyjiidoiu. 50. 

Polypi to, 50. 

PalypteruH, 224, 225. 

Ptdyt haltt mm (F<*ra in ini/era), 29. 
Potyma, 164-166; general characters of, 
167*170. 

Porcupine. 305. 

Pores of sponges, 35. 

Porpoises, 292. 293. 

Portuguese man-of-war, 66. 

Poulpo. 193. 

Proftattculea, 285 ; general characters of, 

299, 300. 

Procellaridtv, 268. 

Protean, 231, 234. 

Protophyta , 3. 

Protoplasm, 20. 

Protozoa, 3, 15 : general characters of, 
19-21 \ classification, 21 ; tabular view 
or, 43. 

Proventricttlus of birds, 260. 

Proximal, 50. 

Pseudnhfemal system (.Annelida), 118. 
Pseudohearts, 175. 

Paeudonavicelltt, 22. 


PseudcyiodiA of Protozoa , 21 ; of Rhizo- 
poda , 23 ; of Amoeba , 24. 

P nit tac idea, 273. 

Pterodactyle * , 252, 253. *' 

Pteropidee , 306. 

Pteropoda , 164, 165, 176 ; general phgr- 
acters of, 186. 

Pteropu s, 305, 307. 

Pteromuria , 241 ; general characters of, 
252, 253. 

Pterygotus , 131. . 

Pulictdat, 155. t 
Pulmonary sacs (Arachnida% 13S. 
Fulmonate Gasteropoda, 182, 135. 

Puma, 304. 

Pupa, 149, 150. 

Pycnogirnum, 139. 

Python , 247. 

Qyadrumana , 285 ; general characters 
or, 308-319. 

Quagga, 2!£. 

Rabbit, 305. 

Radiata, 44. 

RadiolarUi , 23 ; general characters of, 32. 
llallida * , 269. 

Jtana , 233. 

Jianidtr , 23 1. 

Rapture h, 267, 275, 276. 

RttHore.it, 266, 271, 272. 

Hat, 305. 

Red coral, 87. 

Regnum Protintutum, 3. 

Reproduction, general features of, 47 ; 

in llydmid Zoophytes, 57-60. 

Reptilln , 208 ; general characters of, 
237-240; jaw of, 238; teeth of, 239; 
circulation of, 239, 240 ; respiration of, 
240 ; orders of, 241. 

Respiratory tree of HolothnriaiiR, 103. 
Respiratory tubes of Uotifera , 113. «. . 

Rhea, 219, 270. 

Rhinoceros, 294. 

RhizoerinttM, 101, 102. 

Rhiznpoda , 21 ; general characters of, 
23 ; divisions of, 23. 

Rhizontoina , 76. 

Rh izonto m id tv, 7 6. 

Rhytina, 291. 

Ribbon-worms (see Xanertidrv), 
Rvdentta , 285; geueral characters, 304, 
305. 

Ronptals, 293. 

Rotifera , 105 ; general characters of, 
111-113. 

Round- worms. 111. 

Rngosa, 80 ; characters of, 87. 
Ruminant ia } 296-293; dentition of, 291 ; 
stomach of, 296, 297 ; families of, 29S. 

Sagitta, 116. 

Saltnonidiv, 223. 

Sandpipers, 269. 

Sanguimga, 119. 

Barcode, 20. 

Sarcoids of sponges, 85. 
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daunipiuor, «vi. 

Saurnpt&rygia , 241 ; general characters, 
251, 252. • 

Sanru cte, 207, 276. 

Haifrflies, 156. 

Scaneorex, 2 66, 272, 273. 

Sciuridrv, 305. 

ScUrobaxica (Zoanthark i), 84. 
Hclerohusic corals, 82, 87. 

Sclerodennata ( Zoantharia ), 82. 
Sclerodermic corg|lr82. 

ScnUicida , 91 ; general characters of, 104. 
Scolopaeid/e, 269. 

Scob^temira, 143. 

Seombe rube, 224 . 

Scorpion, 136, 139, 140. 

Sea-anemones, 80, 81. 

Sea-cucumbers, 102. 

8t-ulm 300. 301, 302. 

Sea-mosses, 160, 167. 

Sea-m* mse, 122. 

Sen-slugs, 184. 

Sea spiders, 188. 

S»*a squirt*, 171. 

Sea- worms, 121. 

Segmental organs of Annelides, 118. 
Selttch i i, 227. 

Semnmntheei, 309. 

Scrjniia, 121. 

Scrtulnrida, 51, 55; general characters 
of, 60 ; polypites of, 61 ; reproduction 
of, 62. 

Sheep, 298 

Kludl of Fora mini fern, 28, 29 ; of Bra- 
rhinpoda, 173; of La mellihranehUita, 
ITS ; of Ganteropoda , 1S3, 184 ; of 
Ueterojtndu , 185; of Pteropnda, 186; 
oC*h« Argonaut, 191, lt»2 ; of Pearly 
Nautilus, 193. 

Shrew-mice. 307. 

4gPilurid<l\ 223. 

Shnitt , 810. 

Siphnuophora , 51; general characters 
or, 64. 

Siphons (of Lamellibranchutla ), 179. 
Sipuncvtux , 117. 

Siren, 231. 

Sirenia , 285; general characters, 290, 
291. 

Sloths, 289. 

Slow-worm, 248. 

Snakes, 238, 244, 245. 

H||ipcs, 266, 268, 269. 

Solaxter , 98. 

Solen , 180. 

Somatic cavity of Ccelenterata, 45. 
Storicidas , 307. 

Spatulaha. 226. 

Sperm-whale, 293. 

Sphenixcidm, 268. 

Spider- monkeys, 309. 

Bpiders, 146. 

Spinax, 227. 

Spinneret of Spiders, 141 ; of Caterpil- 
lars, 157. 

Spimrbis, 121. 

Spongida, 23, 30 ; general characters of. 


84, 37 ^aquiferous system, IS ; repro- 
duction%or, 37, 38 ; distribution or, in 
8 space, 38. 

Spongilla, 39; reproduction of, 37, 38. 
Spoon -worm, 116, 117. 

Spring-tails, 152. 

Squids, 187, m, 193. 

Squilla , 135. 

Squirrel, 305. 

Stent or, 42. 

Stephanacerox, 112. 

Stoma poda, 135. 

Storks, 266, 269. 

Strepxirhina, 308. 

Strepsiptera, 169. 

Striffidan, 276. 

St rut kin , , 270. 

Sturgeon, 224. 

Sturio , 224. 

Sturwnidtta, 225. 

Stybtpx, 162. 

Sub-kingdoms, 11, 15. 

Stietoria (Irtfujxonu), 43. 

Sula, 208. 

Surinam Toads, 235, 

Swallows, 266, 275. 

Swifts, 259, 275. 

Swim-blAdder of Ashes, 216. 
Swiiiyning-bclls. 64, 65, 66, 69. 
Synynathidat, 224. 

Syrinx, 116. 

Tabanidfr , 156. 

Tttrnia, 106. 107. 

Tcenuida , 104 ; general characters of, 
105 , 106 ; development of, 106, 107. 
Tabtrux, 135. 

Tnlpidrv , 307. 

Tape- worm, 105, 106, 107, 108. 

Tapir, 294, 296. 

Tele out ei. 2J8; general characters of, 
222. 224. 

Tenthrcdinidce, 158. 

TereJjratula, 174. 

Termites, 154. 

Test of Fora minif era, 28; of Eehinoidea, 
03 ; of Tunieata, 171. 

Textndinidm, 244. 

Textudo, 244. 

Tetrahranehiata, 189, 193, 194. 
Tetranychue, 139. 

Tetraonidai . 272. 

ThaUixxieolla, S3. 

Thala$sicollida , 33, 34. 

Thaumantum, 69. 

TherUtmnrpha, 232. 

Thread-cells (see Cnidoe). 

Thread-worms, 111. 

Thylacinus, 289. 

Thyeanura , 152. 

Ticks, 138. 

Tiger, 303, 894. 

Tipula, 156. 

Toads, 234, 233. 

Tongue of Gasteropoda, 181 ; of Cephato- 
TortoSeiffSs, 239, 244. 
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Trachea, $38, 1 * 9 . 

Trematoda , 104 : general characters of, , 
108. / 
Tricheeus, 802. 

Trichina , 111. 

Trilobita, 182. 

Tringidas, 269. 

Triton, 281. 

TroehUidcB, 27 6. 

Troglodyte a, 810. 

Trophosome, 67. 

Tube-feet of Echinus, 94, 05. 

Tubtcola, 120. 

Tubifex, 120. 

Tubipora, 86. 

Tubularia , 66, 66. 

TubtUarida (gee Corynida ). 

Tunicata, 164, 160 ; general characters 
of, 171. 173. 

TurbeWtria, 104 ; general characters o r , 
109, 110. 

Turkey, 272. 

Turritella , 183. 

Turtles, 238, 239, 243, 244. 

Umbo, 178. 

Umbrella of Lueemarida, 74, 75. 
Univalve shells, 188. 

Ungulata , 285; general charactep-H of, 
294-298. 

ITjmpina ?, 275. 

ITraster , 98. 

U rode la, 230, 231, 232. 

Ursulas, 302. 

Vaouoi.es of ^rnceda, 23*; of Parawiae- 
eium, 41. 

Vaomtcnfo, 42. 

Ka&erwi, 169. 


THE 


VaranifUs, 248. 

Veil of gonophores, 58. 68 ; of necto- 
calyces, 65; of naked-*, yed Medusae, 
70. 

Velella, 66, 67. 

Venus' girdle, 89. 

Vermes, 116. 

Vertebra, structure of, 200. 

Vertebrata, 16; general characters of, 
196-208; skeleton of, 199-203; diges- 
tive system, 208, ^ 0 ;; blood of. 205; 
respiration of, 205; nervous system 
of, 206; reproduction of, 206; divi- 
sions of, 207. 

Vesicle, contractile, of Protozoa, 20, 25,41. 

Veupidce, 168. 

Virgularia , 85. 

Vogtia, 65. 

Vnrticclla, 42. 

Vulture, 276. 

Walrus, 3*0, 801, 802. 

Warblers, 275. 

Wasps, 158. 

Water-hens, 269. 

Water-vascular system, 91, 92, 94, 106, 
108, 109, 110, 111, 113. 

Weasel, 303. 

Wombat, 289. 

Wood-peckers, 268, 272, 273. 

Xiphosura , 181. 

Zebra, 295. 

Zoantharia, 80 ; malaoodennata, 80 ; 
sclerobasica, 84 ; sclerudermata, 62. 

Zoanthus, 81. 

ZoOld, 48, 49. 

Zoology, definition of, 3. 
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Proficiency. By the Same. Fourth Edition, yd. 

GEOLOGY FOR GENERAL READERS. A Series 

of Popular Sketches in Geology and Palaeontology. By the Same. 
Third Edition, enlarged. 6s. 
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Rowing popular style. Without illustration or any extraneous aid, the narra- 
tive mast prove attractive to any intelligent reader." — Geological Magazine. 

HANDBOOK OF GEOLOGICAL TERMS, GEO- 
LOGY. AND PHYSICAL GEOGRAPHY. By the Sutne. 
Second Edition, enlarged. 7s. 6d. 

CHIPS AND CHAPTERS. A Book for Amateurs 

and Young Geologists. By the Same. 5s 

THE PAST AND PRESENT LIFE OF THE 

GLOBE. With numerous Illustrations. By the Same. Crown 
8vo. 6s. 

•• Few of our handbooks of popular science can be said to have greater or 
more decisive merit than those of Mr Page on Geology and Palaeontology . 
They are clear and vigorous in style , they never oppress the reader with a 
pedantic display ctf learning , nor overwhelm him with a pompous and super- 
fluous terminology ; and they have the happy art of taking him straightway 
to the face of nature herself, instead of leading him by the tortuous and be- 
wildering paths q f technical system and artificial classification. '* — Saturday 
Review. 

Botany. 

ADVANCED TEXT-BOOK OF BOTANY. For 

the Use of Students. By Roblrt Brown. M.A., Ph.D., Got., 
‘F.R.G.S., Lecturer on Botany under the Science and Art Depart- 
ment of the Committee of the Privy Council on Education. 

1 [/s the press. 
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Arithmetic, <£«. 

YhE THEORY OF ARITHMETIC. By David 

Munn, F.R.S.E., Mathematical Master, Royal High School of 

Edinburgh. Crown 8vo, pp. 294. 55. 

" We want btdfs of this kind very much — books which aim at developing 
the educational value of Arithmetic by showing how admirably it is calculated 
to exercise the thinking jiowers of the young. Your lx>ok is. 1 think, excellent 
—brief but clear ; and I look forward to the good effects which it shall produce, 
in awaking the tnimhi of many who regard Arithmetic as a mere mechanical 
process. ”—Prnfes*or Kelland. 

Mr M unit's teaching of Arithmetic was one of the most impres- 
sive things I saw in my Scotch tour. . . — D. R. Fearon , Esq. y Schools 

Inquiry Commission. 

ELEMENTARY ARITHMETIC. By Edward Sang, 

F.R.S.E, .This Treatise is intended to supply the great desider- 
atum of an intellectual instead of a routine course of instruction in 
Arithmetic. Post 8vo, 5s. 

THE HIGHER ARITHMETIC. By the same 

Author. Being a Sequel to ' Elementary Arithmetic.' Crown 8vo, 
5 s * 

FIVE -PLACE LOGARITHMS. Arranged by E. 

Sang, F.R.S.E. Sixpence, for the Waistcoat-Docket. 

TREATISE ON ARITHMETIC, with numerous Ex- 
ercises for Teaching in Classes. By James Watson, one of the 
Masters of Heriot’s Hospital. Foolscap, zs. 


A GLOSSARY OF NAVIGATION. Containing the 
Definitions and Propositions of the Science, Explanation of Terms, 
and Description of Instruments. By the Rev. 1. B. HARBORD, 
M.A., Assistant Director of Education, Admiralty. Crown 8vo, 
illustrated with Diagrams, 6s. 

DEFINITIONS AND DIAGRAMS IN ASTRO- 

NOMY AND NAVIGATION. By the Same. zs. 6d. 


Phys’ics. 

ELEMENTARY HANDBOOK OF PHYSICS. 


ato Diagnuns. By William Rossiter, F.R.A.S., Ac. 
8 vo, pp. 390. 5s. 



WILLIAM BLACKWOOD AND SONS 


English Language. 

ETYMOLOGICAL AND PRONOUNCING DIC- 
TIONARY OP THE ENGLISH LANGUAGE. IncludingV 
very Copious Selection of Scientific Terms. For use in Schools 
and Colleges, and as a Book of General Reference. By the Rev. 

i AMES Stor month. The Pronunciation carefully Revised by the 
:ev, P, H. Phelp, M.A., Cantab. Crown 8vo, pP*'755- 7s. 6d. 

ENGLISH PROSE COMPOSITION : A Practical 
Manual for use in Schools. By James Currie, M.A., 
Principal of the Church of Scotland Training College, Edinburgh. 
Sixth Edition, xs. 6d. 

“ We do not remember having seen a work so completely to our mind as this, 
which combines sound theory with J ^dicious practice. Proceeding step by step. 
It advunces from the formation of the shortest sentences to the composition of 
complete essays, the pupil being everywhere furntfhed with all needful assist* 
ance in the way of models and hints. Nobody can work through such a book 
as this without thoroughly understanding the structure of sentences, and 
acquiring facility in arranging and expressing his thoughts appropriately. It 
ought to be extensively used J'—Athenceum. 

PROGRESSIVE AND CLASSIFIED SPELLING- 

BOOK. By Hanna# R. Lockwood, Authoress of ' Little 
Mary's Mythology.' Fcap. 8vo, is. 6d. 

A MANUAL OF ENGLISH PROSE LITERA- 
TURE. Designed mainly for the Assistance of Students in English 
Composition. •By W. Minto, M. A. \In the press. 


A TREASURY OF THE ENGLISH AND GER- 
MAN LANGUAGES. Compiled from the best Authors and 
Lexicographers in both Languages. Adapted to the use of Schools, 
Students, Travellers, and Men of Business ; and forming a Com- 
panion to all German-English Dictionaries. By Joseph Cauvin, 
LI,.D. & Ph.D., of the University of Gbttingen, &c. Crown 8vo, 
7s. 6dU, bound in cloth. 

“ An excellent English-German Dictionary, which supplies a real want, no- 
thing being in general more detestable than the Engliah-German portion of most 
dictionaries comprising both languages, where the English vocabulary might 
seem to have been selected at random, but for the compiler's determined pre- 
ference for whatever Is obsolete and vulgar. Dr Cauvftn r s own Vocabulary is not 
entirely Wee from superfluities of this description, but in general it is classic ns 
well as copious, and the value of the work is much enhanced by the numerous 
explanations or peculiar idioms. "—Saturday Review. 

** The difficulty of translating English into German may be greatly alleviated 
by the use of this copious and excellent English-German Dictionary, which 
specifies the different senses of each English word, and gives suitable German 
equivalents. It also supplies an abundance of Idiomatic phraseology, with 
many passages from Shakespeare and other authors sptty rendered in German. 
Compared with other dictionaries. It has decidedly the advantage. "—Atkenamm. 

CHO|X DES MEILLE^RES SCENES DE MOLI- 

ERE, avec das Notes de Divers Commentateurs, et antics Notes 
Explicative*. Per Dr E. Dubug. Fcap. 8vo, 4s. 6d. 
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History. 

EPITOME OF ALISON’S HISTORY OF EUROPE, 
for the use of Schools. Sixteenth Edition. Post 8vo, pp. 
604. 7s. 6d. bound in leather. 

ATLAS to Epitome of the History of Europe. 
Eleveia£oloured Maps. By A. Keith Johnston, LL.D., 
F.R.S.E. In 4*0, 7s. 

THE EIGHTEEN CHRISTIAN CENTURIES. By 

the Rev. James White, Author of 'The History of France.' 
School Edition, post 8vo, with Index, 6s. 

" He hsj* seized the salient points— indeed, the governing incidents— in each 
century, and shown their received bearing as well on their own age as on the 
progress of the world. Vigorously and briefly, often by a single touch, has he 
marked the traits of loading men ; when needful, he touches slightly their 
biographical career. The wtate of the country and of society, of arts and learn- 
ing, and, more than all, of the modes of living, are graphically sketched, and, 
upon the whole, with more fulness than any other division. vr — Spectator, 

HISTORY OF FRANCE, from the Earliest Times. 

By the Rev. James White, Author of ' The Eighteen Christian 
Centuries.’ Post 8vo, with Index, 6§. 

FACTS AND DATES ; or, The Leading Events in 

Sacred and Profane History, and the Principal Facts in the Various 
Physical Sciences : the Memory being aided throughout by a Sim- 
ple and Natural Method. For Schools and Private Reference. By 
the Rev. Alex. Mackav, LL.D., F.R.G.S., Author of 'A Manual 
of Modem Geography,’ &c. Second Edition, crown 8vo, pp. 336. 
4s. 

" A most valuable book of reference, which will be of immense service to 
students of history. His wide knowledge has directed the author at once to 
the most trustworthy guides in the various departments of the almost illimit- 
able field he has traversed. . . . Every date throughout is embodied in a 

mnemonic sentence, so happily and tersely illustrative of the event, as to leave 
us fairly astonished at the patience and ingenuity of the author ." — Papers for 
the Schoolmaster 


Agriculture. 

CATECHISM OF PRACTICAL AGRICULTURE. 

By Henry Stephens, F.R.S.E., Author of the 'Book of the 
Farm/ With Engravings, is. 

PROFESSOR JOHNSTON'S CATECHISM OF 

AGRICULTURAL CHEMISTRY. A New Edition, edited by 
Professor Voelcker. With Engravings, is. 

PROFESSOR JOHNSTON'S ELEMENTS OF 

AGRICULTURAL CHEMISTRY AND GEOLOGY. £ New 
Edi t io n , revised and brought down to the present time, by G. T. 
Atkinson, B.A., F.C.S., Clifton Colleys.* Foolscap, 6a. 
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A MANUAL OF MODERN 'GEOGRAPHY, Mathe*. . 

matical, Physical, and Political. By the Rev. Alexander 
Mackay, LL.D. 7 r.R.G.S. Crown 8vo, pp. 676. 7s. 6d. 

This volume — the result of many years' unremitting application— is 
specially adapted for the use of Teachers, Advanced (Stosses, Candi- 
dates for the Civil Service, and proficients in geography generally. 


NINETEENTH THOUSAND. 

ELEMENTS OF MODERN GEOGRAPHY, for 
the Use of Junior Classes. By the Same. Ninth Edition, 
revised to the present time. Crown 8vo, pp. 300. 3s. 

The 'Elements' form a careful condensation of the 'Manual,' the 
order of arrangement being the same, the river-systems of the globe 
playing the same conspicuous part, the pronunciation being given, and 
the results of the latest census being uniformly exhibited. This volume 
is now extensively introduced into many of the best schools in the 
kingdom. 

forty-eighth thousand, revised. 

OUTLINES OF MODERN GEOGRAPHY : A Book 

for Beginners. By the Same. i8mo, pp. 112. is. 

These ' Outlines ' — in many respects an epitome of the ' Elements '■ — 
are carefully prepared to meet the wants of beginners. The arrange- 
ment is the same as in the Author's larger works. Minute details are 
avoided, the broad Aitlines are graphically presented, the accentua- 
tion marked, and the most recent changes in political geography ex- 
hibited. f ■ 

thirty-eighth thousand. 

FIRST STEPS IN GEOGRAPHY. By the Same. « 

i8mo, pp. 56. Sewed, ^d. In cloth, 6d. 


Physical Geography. 

INTRODUCTORY TEXT-BOOK OF PHYSICAL 

GEOGRAPHY. With Sketch-Maps and Illustrations. By David 
Page, LL.D., F.R.S.E., Professor of Geology in the Durham 
University of Physical Science, Newcastle. Fourth Edition, as. 

ADVANCED TEXT-BOOK OF PHYSICAL GEO * 

GRAPHY. By the Same With Engravings. 5s. 

" A thoroughly good Text- Book of Physical Geography .” — Saturday Review. 

EXAMINATIONS ON PHYSICAL GEOGRAPHY. 

A Progressive Series of Questions, adapted to the Introductory an«J 
Advanced Text-Books of PhysJ; A Geography. By the Same. $d. 

COMPARATIVE GEOGRAPHY. By Carl Ritter. 

Translated by W. Qaoe. Feap., 3s. 6d. 
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QeographicaK Clats- Books. 
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OPINIONS 07 BE MACKAY’8 JURIES. 

MANUAL. 

Attiiwai A 47 m > of the President of the Royal Geographical Society 
(Sir Roderick I. Murchison). We must admire the ability and persevering 
research with which be has succeeded in imparting to his Manual so much 
freshness and originality. In no respect is this character more apparent than 
In the plan of arrangement, by which the author commences hie description of 
the physical geography of each tract by a sketch of its true basis or geological 
structure. The work is largely sold In Scotland, but has not been sufficiently 
spoken of in England. It la, indeed, a most useful school-book in opening out 
geographical knowledge. 

Saturday Review. —It contains a prodigious array of geographical facts, 
hud will be found useful fqjr reference. 

English* Journal of Education.— Of all the Manuals on Geography that 
have come under our notice, we place the one whose title Is given above in the 
first rank. For fulness of information, for knowledge of method in arrange- 
ment, for the manner in which the details are handled, we know of no work 
that can, in these respects, compete with Mr Mackay's Manual. 

ELEM ENTS. 

A. KEITH JOHNSTON, LL.D., F.R.S.E., F.R.G.S., H.M. Geographer 
for Scotland, Author of the 4 Physical Atlas,* Ac. Ac.— There is no work 
of the kind in this or any other language, known to me, which comes so near 
my ideal of perfection in a school-book, on the important subject of which it 
treats. In arrangement, style, selection of matter, Clearness, and .thorough 
accuracy of statement, it is without a rival; and knowing, as I do, the vast 
arrjpunt of labour and research you bestowed on its production, I tmst it will 
be so appreciated as to insure, by an extensive sale, a well-merited reward 

G. BICKERTON, Esq., Edinburgh Institution.— I have been led to form 
» a very high opinion of Mackay's 4 Manual of Geography* and 4 Elements of Geo- 
graphy,* partly from a careful examination of them, and partly from my expe- 
rience of the latter as a text-book in the Eoinbukoh Ikhtitutiow. * One of 
their most valuable features is the elaborate Table of River-Basins and Towns, 
which is given in addition to the ordinary Province or County list, so that a 
good idea may be obtained by the pupil or the natural as well as the political 
relationship of the towns in each country. On all matters connected with 
Ph/flc&l Geography, Ethnography, Government, Ac., the Information la fnlL 
accurate, and well digested. They are books that c*n be strongly recommended 
to the student of geography. 

RICHARD G. GRAHAM, English Master, College for Daughters of 
Ministers of the Church of Scotland and of Professors in the Scottish 
Universities. — No work with which I am acquainted so amply fulfils tbs con- 
ditions of s perfect text-book on the important subject of which It treats, ss Dr 
Mackay's * Elements of Modern Geography.* In fulness and accuracy of de- 
tails, in the scientific grouping of facts, combined with clearness and simplicity 
of statement, it stands alone, and leaves almost nothing to be desired In the 
way of improvement. Eminently fittai, by reason of this exceptional variety 
and thoroughness, to meet all the reqif ements of higher education^ it fp never 
without a living interest, which adaptJU to the Intelligence of ordinary pupils. 
It la not the least of fits merits that its^n formation is abreast of aliens latest 
developments iu geographical sclence,^*curately exhibiting both fhe recent 
political and territorial changes in Europe, and the many important matte of 
modem travel and r e s earch 

Spec t ato r .— The best Geography we have ever gehvifiL 
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IKPBOTE^r EDITIOjte. 

School A-iJases. 

By A. IfcEITH JOHNSTON, LL.D., &c. 

Author of the Roval and the Physical Atlases, &c. 


ATLAS OF GENERAL AND DESCRIPTIVE GEO- 
GRAPHY. A New and Enlarged Edition, suited to the best Text- 
Books ; with Geographical information brought up to the time of 
publication. 96 Maps, clearly and uniformly printed in colours, 
with Index. Imp. 8vo. Half-bound, 12s. 6d. 

ATLAS OF PHYSICAL GEOGRAPHY, illustrating, 

in a Series of Original Designs, the Elementary Facts of Geology, 
Hydrography, Meteorology, and Natural History. A 
New and Enlarged Edition, containing ( t new Maps and Letter- 
press. 20 Coloured Maps. Imp. 8vo. Half-bound, 12s. 6d. 

ATLAS OF ASTRONOMY. A New and Enlarged 

Edition, 21 Coloured Plates. With an Elementary Survey of the 
Heavens, designed as an accompaniment to this Atlas, by Robert 
Grant, LL.D., &c., Professor of Astronomy and Director of the 
Ob .ervatory in the University of Glasgow. Imp. 8vo. Half-bound, 
f 12s 6d. 

ATLA' OF CLASSICAL GEOGRAPHY. A New 

and 1 aiged Edition. Constructed from the best materials, and 
emU ng th<£ results of the most recent investigations, accom- 
panied oy a complete Index ok Places, in which the proper 

Q uantities are given by T. Harvey and E. Worsley, MM. A. 
>xon. ai Coloured Maps. Imp. 8vo. Half-bound, 12s. 6d. 

44 This Edition Is so much enlarged and improved as to be virtually a new 
work, surpassing everything else of the kind extant, both in utility and beauty. 

— Athenaeum. 

ELEMENTARY ATLAS OF GENERAL AND 

DESCRIPTIVE GEOGRAPHY, for the Use of Junior Classes ; 
including a Map of Canaan and Palestine, with General 
Index. 8vo, half-bound, 5s. 

new atlas for pupil-teachers. 

THE HANDY ROYAL ATLAS. 45 Maps clearly 

printed and carefully coloured, with General Index. Imp. 4to, 
£3, ias. 6 d., half-bound morocco. * 

This work has been constructed for the purpose of placing in .the 
hands of the public a useful and thoroughly accurate Atlas of Maps 
of Modern Geography, in a convenient form, and at a moderate price. 

It is liased on the * Royal Atla^* by the same Author ; and, in so 
far as the scale permits, it comprises many of the excellences which its 
prototype is acknowledged to pos?,»ss. The aim has been to make the 
book^trictly what its name impUCs, a Handy Atlas — a valuable sub- 
stitute for. the * Royal,' where that is too bulky or too expensive to find 
a place, a needful auxiliary to the junior br&nches of families, and a 
cm d* mmmm td the tutor tad the pupil-teacher. 






